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Dental caries; a challenge worldwide 
Dental caries is a major oral health problem in most industrialized countries, affecting 60-90% of 
schoolchildren and the vast majority of adults. It is also a very prevalent oral disease in several 
Asian and Latin American countries, while it appears to be Iess common and less severe in most 
African countries. Nevertheless, in light of changing living conditions, it is expected that the 
incidence of dental caries will increase in many developing countries in Africa, particularly as a 
result of a growing consumption of sugars and inadequate exposure to fluorides [l, 2]. 
Moreover, in many developing countries, access to oral health services is limited and 
teeth are aften Ieft untreated or are extracted because of pain or discomfort. Throughout the 
world, losing teeth is still seen by many people as a natura] consequence of ageing. While in 
some industrialized countries a positive trend in reduction in tooth loss among adults is apparent, 
the proportion of edentulous adults, aged 65 years and older, is still high in others [l, 2]. The 
caries decline observed in many developed countries was the result of a number of public health 
measures, coupled with changing living conditions, lifestyles and improved self-care practices. 
In some countries, this positive trend could deter action to further improve oral health or to 
sustain achievements. It might, also, lead to the belief that caries problems no Jonger exist, at 
least in developed countries, resulting in precious resources currently available for caries 
prevention being diverted to other areas. It must be stressed, therefore, that dental caries, as a 
disease, is not eradicated but only controlled to a certain degree. 
In addition, optima! intervention against dental caries is not universally available or 
affordable because of escalating costs and limited resources. This, together with insufficient 
emphasis on primary prevention of oral diseases, poses a considerable challenge for many 
countries, particularly developing ones and countries with economies and health systems in 
transition. 
In developing countries, oral health services are mostly offered from regional or centra! 
hospitals ofurban centres and little, ifany, importance is given to preventive or restorative dental 
care. Many countries in Africa, Asia and Latin America have a shortage of oral health personnel 
and generally, the capacity of the systems is limited to pain relief or emergency care. In Africa, 
the dentist to population ratio is approximately 1 : 150 000 against about 1 : 2000 in most 
industrialized countries [3]. At the same time, in a number of countries the knowledge provided 
to the dentists appears irrelevant to the oral health needs and demands. The problem of 
production of inappropriate types and numbers of oral health professionals is still a reality in 
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some countries. It has been reported, particularly in countries where over-production exists, that 
duties which traditionally have been performed by assisting personnel are now being carried out 
by the dentists themselves. Therefore, in developing countries, the challenge is to stimulate 
training programmes for types of personnel which would match the oral health needs and the 
infrastructure of the country. 
Another Iimitation in the health services of developing countries concerns the virtually 
absence of knowledge transfer. It bas been estimated, for example, that only 10% of funding for 
global health research is allocated to health problems that affect 90% of the world's population 
[4]. Clear disparities in economie strength, politica! will, scientific resources and capabilities, 
and the ability to access global information networks have, in fact, widened the knowledge gap 
between rich and poor countries. 
It is known that one-fifth of the world's population is adolescent, defined by WHO as a 
persen between 10 and 19 years of age. A young person with high self-esteem and good social 
skills, who is clear about her/his values and has access to relevant information, is likely to make 
positive decisions about health. It seems logica] to say that one of the possible ways to help 
solving this problem is to apply the WHO's Global School Health Initiative, launched in 1995. 
Tuis initiative seeks to mobilize and strengthen health promotion and education activities at 
local, national, regional and global levels. It is designed to improve the health of children, school 
personnel, families and other members of the community, through activities at schools. The 
Health Promoting School can be characterized as a school constantly strengthening its capacity 
as a healthy setting for living, learning and working. 
Pupils and students can be accessed during their formative years, from childhood to 
adolescence. These are important stages in people's Jives when lifelong oral health related 
behaviour as well as beliefs and attitudes are being developed. Therefore, schools can provide a 
supportive environment for promoting oral health. Access to safe water, for example, may allow 
for genera] and oral hygiene programmes. Schools also can provide a platform for the provision 
of oral health care, i.e. preventive and curative services. Targeting the school children could be a 
wise approach for caries prevention. 
External factors have a tremendous impact on how adolescents think and behave; the 
values and behaviours of their peers are increasingly important while parents and other family 
members continue to be influential. Factors within the wider environment are also significant 
(e.g. mass media, industries, community institutions). Programmes aimed at improving the oral 
health ofyouth need to take these factors into account, for example in relation to consumption of 
13 
sweets, sugary beverages, tobacco and alcohol. Effective alliances between home, schools, oral 
health professionals and community organizations are needed in order to control risks to oral 
health in young people. Training-of-Trainers programmes for school teachers are conducted to 
increase national capacities for integration of oral health promotion in schools. As part of the 
development of WHO's Mega Countries Health Promotion network, the WHO Oral Health 
Programme encourages the exchange of good practice among persons responsible for school 
health and health promotion in countries with the world's largest populations. In developing 
countries in particular, development organizations, private foundations and nongovemmental 
organizations (NGOs) participate more actively in the health sector. 
Although preventable, dental caries is prevalent worldwide. Challenges to deal with this 
situation vary. In developing countries, like Egypt, access to oral health care is a major difficulty 
as well as the cost for dental equipment. Using schools and their facilities is one option to 
increase access to oral health care for the younger part of the population, particularly in sub-
urban and rural areas. As existing dental equipment needs to be maintained, which is not always 
possible for various reasons, alternative care methods need to be introduced that are more 
reliable. One of the available methods is the Atraumatic Restorative Treatment (ART) approach. 
This approach is centra! in the thesis and will be discussed later on. 
Current oral health status in Egypt 
On Wednesday 3 September 2014, the Ministry of Public Health, in collaboration with the WHO 
EMRO country office, released the results of a research on the status of oral health in Egypt. 
This study is the first nationwide survey to collect comprehensive information on the status of 
oral health among Egyptian adults and children since the last survey conducted more than 23 
years ago. It covered over 10 000 individuals from Egypt's 27 govemorates and involved 
different sectors of the society, including orphanages and prisoners. The study was conducted 
over a period of 10 months. The results show that utilization of dental services is not at optima! 
level; 40% of subjects reported that they experienced dental problems at the time of examination 
but had not seen a dentist for treatment. Visiting behaviours of subjects showed that nearly 20% 
had not visited a dentist for more than 2 years and another 20% had never been to a dentist at 
all. Nearly 70% of examined children had untreated carious lesions while 80% were suffering 
from some form of periodontal disease. Diabetics and smokers were at a higher risk to develop 
gingival and periodontal diseases. Minimal attention was being paid to primary prevention both 
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at individual and professional levels. 77% of the examined individuals did not brush their teeth 
on a regular basis, 38% have never brushed their teeth, and only 48% used toothpaste. 
At the professional level, more than 85% of subjects had not been shown proper tooth 
brushing techniques by dental professionals, a service which should be offered routinely to all 
people either on individual or community basis. The study highlighted the profound and 
consequential oral health disparities within the population in Egypt. There is a distinct lack of 
policy on prevention in oral health in Egypt, in addition to a Jack of research, data or planning 
provisions for dental treatment. The study authors highlighted the need to develop a national oral 
health plan which entails promoting oral health, preventing oral disease, especially in children 
and low-income adults, providing equitable access to oral health care, and delivering effective, 
efficient and equitable services to all Egyptians. There is also a need for more research 
investigating the availability of service, its governance framework, facilities' infrastructure, 
equipment, staffing and management system to inform national planning. It is also important to 
pay greater attention for applying infection control measures during dental work given the high 
prevalence of hepatitis C in Egypt [5]. 
The present PhD-study can contribute to improving oral health of Egyptians by providing 
data that Government can use for planning appropriate oral health care services to the population 
in need. 
ART approach and its development 
Dental caries represents a major public health problem despite the common use of fluoride and 
the decline in caries prevalence recorded for the mainstream of populations in highly 
industrialized countries. People of low-socioeconomic status on average still have high caries 
experience and high caries prevalence [6]. Untreated dentine cavities in permanent teeth is the 
most prevalent medica! condition worldwide [7]. Many areas in the world suffer from Jack or 
limited availability of electricity, water or access to dental facilities that allows the treatment of 
carious lesions with dental handpieces and rotary burs. A pilot study, carried out more than 25 
years ago, that used excavators for removing soft, completely demineralised dentine from 
(painful) accessible dentine cavities and filling these cavities with polycarboxylate cement was 
conducted. The results of this study were presented at an international meeting in Dar es Salaam, 
Tanzania. The study consisted of 28 teeth from which one restored tooth needed to be extracted 
after 9 months. All restored cavities survived, but clearly visible surface wear of the cement was 
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detected. The teeth had served well without pain or negative symptoms and were also protected 
from being extracted, the common treatment in that country at that time, and the participants 
were satisfied [8]. This treatment approach was modified through the 1980s and 1990s. The 
restorative material changed to glass-ionomer. Glass-ionomer was used to restore the manually 
prepared cavities even in stress-hearing situations, which was not common in those days. It was 
also used to seal caries susceptible pits and fissures [9]. The technique was further refined over 
the years. The use of hand instruments was extended to include different cavities even those with 
Iimited access (small cavity opening). The orifice of small dentine cavities could be enlarged 
with a hatchet and/or a specially designed enamel opener [10]. This operational advancement 
expanded the application of the unconventional preventive and restorative care concept that 
became known in the early 1990s as the ART approach. Between 1995 and 2015, a research 
agenda was developed and updated at various international dental congresses [11-13]. This 
initiative had led to a total of 450 publications on various aspects of ART in PubMed by early 
March 2018, toa number oftextbooks on ART [14-16] and to chapters on ART in textbooks on 
minimal intervention dentistry [17] preventive and community dentistry [18] cariology [19] and 
paediatric dentistry [20]. 
Currently, ART is defined as a minimally invasive care approach in preventing dental 
caries and stopping its progression for use in developed and developing countries. lt appears to 
be very suitable for treating people with a handicap [21-23], with rare diseases [24-26], patients 
with dental anxiety and children in modem clinical settings, as the sound and pressure caused by 
rotary instruments is omitted and local anaesthesia is usually not needed [27]. 
Survival of ART restorations in the permanent dentition 
Three published meta-analyses have reported on the survival of ART sealants and ART 
restorations [28-30]. The first meta-analysis concluded that medium-viscosity glass-ionomers 
should not be used with ART anymore. The second meta-analysis, including data until February 
2010, showed cumulative survival rates for single-surface ART restorations in permanent teeth 
over the first three and five years were 85 and 80 %, respectively. Only three studies were 
available that had reported on multiple-surface ART restorations in permanent teeth resulting in 
a 1-year survival rate of 86 %. Furthermore, the meta-analysis concluded that there was no 
difference in survival percentages of ART restorations produced in the private clinic setting and 
in outreach situations Iike in schools. The latest meta-analyses on ART restorations, that 
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included studies up to February 2017, showed a weighted mean annual failure rate of single-
surface ART restorations in posterior permanent teeth over the frrst 5 years of 4.1 %. The 
weighted mean annual failure rate of multiple-surface ART restorations in posterior permanent 
teeth was 7.3% over the first year and 10.9% over the first 2 years (30]. The findings of the 
multiple-surface ART restorations indicate that a decrease in the annual failure rate is wanted. 
But it should not be forgotten that the materials used with ART were HVGICs that were hand-
mixed and have inherited weaknesses. 
The meta-analyses that compared ART restorations using glass-ionomer with amalgam 
restorations concluded that, in permanent teeth, there was no difference in survival percentages 
between single-surface ART restorations using glass-ionomer and amalgam restorations over the 
first three years (29]. In 2010, Mickenautsch et al. (31] conducted a systematic review and 
concluded that, for up to 6.3 years, ART restorations in permanent teeth showed to have survival 
percentages equivalent to that of amalgam restorations. 
lmprovement in longevity of ART restorations over the years was achieved by using a 
higher strength glass-ionomer. That raises the question: would the longevity of ART restorations 
be further increased if a glass-ionomer is used that is even stronger than the currently used hand-
mixed high-viscosity glass-ionomers. lmprovement is possible if encapsulated GICs are used 
instead of its hand-mixed version. Studies have shown higher strength values for some of the 
former than the Jatter (32-34]. Encapsulated GICs are being further strengthened by 
incorporation of metal ions. Another way of increasing the strength of GICs is by speeding up 
the setting reaction of glass-ionomer through ultrasound contact from a scaler. Tuis method has 
not been researched much but holds promise. Both methods require further investigation. 
ART restorations have been assessed predominantly through the ART restoration 
assessment criteria and less frequent through the United States Public Health Service criteria. 
The USPHS set of criteria is more detailed than the ART restoration assessment criteria and may 
offer additional benefit when it comes to assessing restorations aesthetically and their wear 
pattern. Studies that have used both sets of criteria concluded that the ART restoration 
assessment criteria fail restoration earlier than the USPHS criteria (35-37]. It is therefore very 
likely that, had the USPHS criteria been applied to assess ART restorations instead of the ART 
restoration criteria, the survival rates of ART restorations would have been higher than reported. 
Results from meta-analyses support the indication for the use of ART and high-viscosity 
glass-ionomers for single-surface cavities in primary and permanent posterior teeth. Insufficient 
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information is available for conclusions regarding its indication for use in multiple-surface 
cavities in permanent posterior teeth and in anterior teeth in bath dentitions. 
The present PhD study seeks to contribute to improvement of ART restoration survival in 
permanent posterior teeth through the use of a modified encapsulated HVGIC, use of ultrasound 
contact during setting and to the use of an antimicrobial modified glass-ionomer restorative. 
Further information on the Jatter aspect is presented in the next section. 
Improving ART restorations through modifying glass-ionomer cement 
Glass-ionomer cements (GICs) were developed by Alan Wilson and co-werkers [38) at the 
laboratory of the Government Chemist in Londen as a hybrid formulation of the aluminosilicate 
powder from silicates and the polyacrylic acid liquid from polycarboxylates almost five decades 
ago. 
GIC was the ART's restorative material of choice by many researchers due to some 
attractive characteristics including its chemica! bonding to tooth structure, the ability to release 
fluoride, its self-curing and absence of the need for electricity and running piped water. At the 
beginning, conventional medium-viscosity hand-mixed GICs were used with ART. From the mid 
1990s, glass-ionomers with improved physical strength were produced especially for ART [15, 
39, 40). Early studies applied in the field revealed the success of the ART concept [40). 
However, dental hand instruments alone do not remove carieus dentin as effectively as rotary 
burs [41] and cariogenic bacteria can survive incarceration under GIC restorations for up to two 
years [42, 43). Consequently, cavities treated by ART may have residual infected dentin, and ifa 
GIC is unable to arrest the carieus process, the restoration may be at risk to fail [44) due to 
development of secondary carieus lesions. That was the thinking at that time. 
Development of primary carieus lesions on surfaces that are restored through the ART 
method bears a risk, Iike for any other restorative used. This risk is reduced in occlusal surfaces 
through sealing pits and fissures that are not included in the cavity design. Regarding secondary 
carieus lesion formation, there are contradicting data about secondary carieus lesion reducing 
effect of fluoride from GICs [45). Even though some studies have shown that fluoride-containing 
restorations can reduce the risk of secondary carieus lesion development [46, 47], other 
researchers failed to show the inhibition effects of fluoride on secondary carieus lesion 
development after setting [ 48, 49). In fact, low pH values of GICs during the setting process 
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proved to cause leaching of a higher amount of fluoride as an antibacterial feature (50]. This 
could mean that there is relatively no antibacterial activity after the setting process. 
As for controlling the development of new carious lesions around GIC restorations, some 
researchers have reported the antibacterial effect of fluoride ion release, which reduced the dental 
biofilm's acidogenicity by decreasing the number of S. Mutans present in biofilm [51-55]. Yet, 
some other studies revealed that the clinical importance of the effect of fluoride on inhibiting the 
presence of bacteria in biofilm is limited [56, 57]. Consequently, the bacteria molecules can 
affect the interface of restoration and dentin over time leading to failure of GIC restorations and 
formation of carious lesions by cariogenic bacteria [58]. Some reports have shown that the more-
viscous GICs, used with the ART approach, release substantially less cumulative fluoride ions 
than less-viscous aesthetic restorative GICs and resin-modified GICs [59, 60]. 
In the light of the above-mentioned controversies about how effective the fluoride release 
will be on preventing the development of primary and secondary carious lesions, various 
additives have been proposed to overcome such drawbacks and to enhance the antibacterial 
activities of glass-ionomer cements. 
Additions to glass-ionomer cements 
Therapeutic benefit may be gained by combining antibacterial agents with glass-ionomer 
materials. Different additives have been incorporated into GICs such as metals [ e.g. zine and 
strontium from 2003], natura! materials [Epigallocatechin-3-gallate (EGCG), (e.g. Propolis (in 
2014) and Salvadora persica (miswak) in 2016)], and synthetic materials [such as bioglass in 
2012, triclosan, sodium fusidate, titanium dioxide nanoparticles and chlorhexidine (CHX)]. 
Studies that have tested these additives are presented below. 
Zine sulphate addition to GICs 
Zine salts are formulated into oral health products to reduce malodour, and to control plaque and 
calculus formation. The antibacterial actions of zine salts are due to their ability to inhibit 
bacterial adhesion, metabolic activity and growth [61-63]. The antibacterial activity of zine on 
the function of three GICs has been studied [64]. The results demonstrated that there was no 
relationship between the release of zine and the antibacterial activity of the three tested GICs. 
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Epigallocatechin-3-gallate (EGCG) containing G/Cs 
Epigallocatechin-3-gallate (EGCG) is the main polyphenol in green tea that contains health-
promoting components such as antioxidant, antidiabetic, anti-inflammatory, and anti-cancer 
features [65, 66]. EGCG has an antimicrobial function to control oral streptococci and also acts 
as a promising cariostatic agent [66]. It has been proven that EGCG suppresses salivary and 
bacterial amylase activity that reduces carbohydrate metabolism [67]. The antibacterial 
properties of GIC using EGGG has been investigated by Hu et al [68] who reported that EGGG 
does not inhibit the biofilm growth and that a surplus of EGCG does not have a special effect on 
the release of fluoride . The results show that 0.1% (w/w) EGCG incorporated in GIC improves 
the mechanical, antibacterial and better physical properties after 4 h, but this effect was not 
obvious anymore after 24 h [68]. 
Propolis added to GICs 
Propolis or bee glue is a resin-like material widely used in medicine for its antibacterial nature 
[69]. Some investigations revealed that Propolis inhibits S. Mutans growth and the ability to 
adhere to tooth surfaces [70-72]. Two antibacterial mechanisms have been observed with 
propolis: (1) antimicrobial property against cariogenic bacteria (S. mutans and S. sobrinus) and; 
(2) prevention of glucosyltransferase enzymes (GTFs) activity [73]. An 25% EEP addition 
appears to be a sufficiently high percentage for developing an antibacterial GIC. However, 
despite the significant antibacterial feature of the propolis, its addition to GIC has resulted in 
lower compressive mechanical strength and a higher solubility, which do not make this 
combination a suitable restorative material [74]. 
Salvadora persica (miswak) containing G/Cs 
Salvadora persica tree is one of the most popular natura! materials in use in oral health because it 
is frequently utilized for making miswaks. A miswak is a toothbrush made from a branch of the 
tree. Salvadora persica extract (SPE) generally has a major antibacterial effect on some oral 
pathogens (75, 76]. The addition of 1 % SPE, provide favourable results in antibacterial 
experiments and revealed physical properties comparable with other commercially available 
GICs [76]. A clinical trial showed that glass-ionomer containing SPE yielded promising results 
on inhibiting primary and secondary dentine carious lesions [77]. Nevertheless, no GIC 
containing Salvadora persira is available in the market. 
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Bioactive glass (BAG) added G/Cs 
BAGs have great biocompatibility and biologica! activities demonstrated in bone and soft tissues 
[78]. BAG can raise pH level in an aqueous environment through leaching of ions like sodium, 
calcium, strontium or magnesium providing the anticaries mechanism [79]. The effects of GICs 
combined with BAG on S. mutans biofilm formation demonstrated that GICs with 10 wt% BAGs 
can release the same amount of fluoride as GICs without BAGs (80]. However, after the initia! 
setting reaction is completed the acid-based reaction slows down the increase in pH level which 
lowers the antibacterial effects of BAG and renders the combination unsuitable as an 
antibacterial agent. 
Triclosan incorporated GICs 
Triclosan 5-chloro-2-(-2, 4-dichlorophenoxyl) phenol is a synthetic and anionic agent with a 
broad spectrum of antimicrobial activities [81]. It has been proposed that a restorative material 
containing triclosan can be an immobilized bactericide, which does not leach the carrier material 
and thus favour long term anti-cariogenic activity [82]. The non-releasing bactericide oftriclosan 
was shown to be more advantageous than chlorhexidine as an antibacterial additive in GICs. The 
study revealed that 2.5% triclosan added to GIC showed more antimicrobial activity compared to 
2.5% CHX incorporated GIC against Lactobacillus acidophilus and S. mutans with comparable 
mechanica! strength values [83]. However, no products have been manufactured and few studies 
are available that have tested its efficacy. 
Titanium dioxide (Ti02) nanoparticles added to GICs 
TiO2 is an inorganic additive with features such as biocompatibility, non-toxicity and chemica! 
stability [84]. Introduction ofTiO2 nanoparticles to conventional GIC may improve physical and 
antibacterial features [85]. Results of this study showed that glass-ionomer containing 3 (w/w) 
TiO2 nanoparticles was a promising restorative material with improved antibacterial and 
mechanica! properties (fracture toughness, flexural strength and compressive strength) compared 
to the unmodified GIC suggesting it to be potentially useful for stress-hearing site restorations 
such as Class I and IL 
Chlorhexidine (CHX) containing GICs 
Antimicrobial activity of CHX against some gram-positive bacterial species found in the oral 
cavity has been widely accepted [86]. Several studies have shown that the addition of 
chlorhexidine (CHX) in various forms like chlorhexidine acetate and chlorhexidine gluconate 
chlorhexidine hydrochloride into the GICs could affect antibacterial properties against cariogenic 
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microorganisms [87-93]. CHX seems to facilitate the fluoride release when CHX quantity is 
higher than 11.5 wt% [87]. It has been observed that the reduction of fluoride release in a low 
concentration of CHX might result in the precipitation of salts with lower solubility [89]. On the 
other hand, some studies showed that the incorporation of a high percentage of CHX aften leads 
to negative changes in physical and mechanica! properties and that the setting time is increased 
[92, 93]. Such a situation is unwanted clinically. 
An antibacterial GIC for use in the ART approach requires an optimum number of 
antibacterial agents, which should not jeopardize the basic properties of the parent materials. It 
was shown that incorporation of CHX dihydrochloride and CHX diacetate into GICs can 
increase the antimicrobial effect without seriously compromising the physical properties or the 
remineralization potential of the original material [43, 92, 94-100]. Analysing the various 
combinations of anti-microbial agents incorporated into GIC, it is fair to conclude that only 
chlorhexidine containing GIC seems to be worth investigating. 
Modifying glass-ionomer powder 
More recently, to improve the mechanica! properties of GICs and to enable their clinical use 
posteriorly, attempts have been made to reinforce the GI matrix through the addition ofvarious 
filler types to the GIC powder component. The fillers used included fibres [101-104]. metallic 
powders [84, 103-112], hydroxyapatite powders [113-117], bioactive glass particles and 
montmorillonite clay additions [118, 119]. 
Today commercially available GICs are supplied by numerous manufacturers and are 
composed of zine containing (Chemfil Rock; Dentsply DeTrey) [120], lanthanium containing 
(Ketac Molar; 3M ESPE, St. Paul, MN, USA) [121] or strontium containing (Fuji IX; GC 
Corporation, Tokyo, Japan and Ionofil Molar; Voco GmbH, Cuxhaven, Germany) [122, 123] 
calcium fluoroaluminosilicate glasses. The reactivity of a commercial GIC glass powder with the 
corresponding GI liquid is deterrnined by the chemica! composition [124, 125], glass fusion 
temperature [126], surface treatment through acid washing [127] and the powder particle size 
[128]. However, these specific details are never routinely supplied by manufacturers. The glass 
variables (composition, fusion temperature, surface treatment, particle size) are tailored by each 
manufacturer for specific GI formulations. 
Recently, manufacturers have produced glass-ionomers with increased flexural strength 
on the basis of in-vitro studies [129]. Two such glass-ionomers are ChemFil Rock and the Equia 
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system. Both brands of glass-ionomers come in capsules. The Equia system requires light curing 
for curing the nano-size surface coat which is not required for ChemFil Rock. This difference in 
setting reaction of the glass-ionomer directs the use of each of the newly developed glass-
ionomer in combination with the ART approach. The use of ChemFil Rock would seem to be 
more appropriate in countries that have a large public health care system, including a school oral 
health programme based on the Basic Package of Oral Care that includes ART, and that has 
deficiencies in equipment. The use of Equia system, that may require the use of rotary 
instrumentation for finalizing a restoration, would seem to be more appropriate for use in private 
practice and well-functioning public health systems. Needless to remark, that ChemFil Rock 
might also be appropriate for use in private practice. 
Bonding to caries-affected dentin and its pre-treatment with chlorhexidine 
The ART restorative method encounters conservative removal of carious dentin where only the 
layer of soft caries-infected, completely demineralized dentin is removed with hand instruments. 
This leaves hard, discoloured, caries-affected dentin bebind for bonding of an adhesive material. 
Compared to enamel, bonding to dentin, in genera!, is challenging. Dentin contains relatively 
more collagen (more than 50 vol%) and water (21 vol%) compared to enamel [130, 131]. Dentin 
wetness is mainly due to of the presence of the fluid in the dentinal tubules under the intra-pulpal 
pressure. The presence of positive intra-pulpa! tissue pressure causes a slow seepage of pulpa! 
fluid to the dentin surface [132]. Thus, during the application of dentin adhesive systems, this 
fluid might affect the interaction of certain dentin adhesives to dentin. This was shown for the 
majority of the tested adhesive systems where the bond strength declined when pulpa! pressure 
was applied during bonding [133, 134]. Also, the dentin collagen itself does not present a 
favourable bonding substrate as it has low surface energy and its hydrophilic. Dentin collagen 
contains also endogenous matrix metalloproteinases (MMP) such as MMP-2, -8, -9, and -20 
[135-137]. MMPs are slowly released from the denuded demineralized dentin matrix, even in the 
absence of bacteria, in a way that is similar to caries progression [135]. Dentin wetness and 
collagen-bound matrix metalloproteinases (MMPs) were reported to be arnong the main causes 
for affecting the bond durability to dentin. Appropriate bonding of HVGIC restorative materials 
to dentin is essential for the success of ART restorations. Nevertheless, very few published 
researches are available [138, 139]. 
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Repairing defective ART restorations 
The major reason why ART restorations fail is fracture within the HVGIC material used. It 
happens predominantly in multiple-surface ART restorations. The defect can be repaired through 
re-applying the ART restoration method and placing a new layer of a HVGIC. However, is very 
likely that the defect can only be adequately repaired through the application of a resin-based 
adhesive/composite system. The defect can be so large in size that the application of a HVGIC is 
contra-indicated. Finding a suitable resin adhesive with a good bond to caries-affected and 
normal dentin is, therefore, highly needed. 
Manufacturers tried to overcome the dentin wetness through developing the self-etching 
adhesive systems. It was reported that self-etch adhesives do simultaneous etching, priming and 
bonding to the smear-covered dental tissues [140]. Compared to the former versions, etch-and-
rise adhesive systems remove the smear layer and open the dentinal tubules, thus increasing the 
outward flow of dentinal fluid under the intra-pulpa] pressure [133). Dryness of dentin after acid 
etching can Jeaves a thin layer (0.2-0.3 lm) of shrunken collagen fibres that initially prohibit the 
proper resin infiltration and later deteriorate because of water hydrolysis [141] and the activated 
MMPs [142]. However, when the self-etch adhesive systems are used, less discrepancy is 
expected between the depth of demineralization and depth of resin infiltration leaving a 
minimum of demineralized denuded bare collagen fibres with activated MMPs. One strategy to 
prevent the host-derived proteases is the usage of MMP inhibitors like chlorhexidine (CHX) 
[143]. Meanwhile, in an attempt to reduce the clinical application steps as well as the technique 
sensitivity, single-step self-etch adhesives have been introduced in the market in the early 2000 
[144]. Single-step self-etch adhesives vary in their acidity by virtue of the composition and 
concentration of polymerizable acids and acidic resin monomers [136, 145]. Strong self-etch 
adhesives were characterized by their better etching performance on enamel and compromised 
bonding to dentin. Mild self-etch adhesives rely on keeping the hydroxyapatite at the interface 
and thus protecting the collagen and allowing for chemica! interaction. The resultant two-fold 
micro-mechanica! and chemica! bonding mechanisms of mild adhesives tumed out to be more 
promising regarding the bond strength compared to the controls [146]. 
Testing the bonding of self-etch adhesives, that could be used during the repair step of 
ART restorations, to normal and caries-affected dentin is required. Also, the effect of CHX on 
the durability of self-etching adhesive systems to normal and caries-affected dentin could be of 
value. It is recommended to test the bond strength only under simulation of pulpa! pressure to 
achieve reliable, clinically relevant results. 
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Application of the ART concept in Egypt 
Recent studies regarding the implementation of ART in the public health care system of Egypt 
revealed that ART was applied more often by dentists in private practice than in the public health 
care system. The reason for the Jatter situation was the absence of hand instruments and to a 
lesser extent to the unavailability of glass-ionomer, to perform ART restorations. Dentists 
expressed a positive affiliation with the use of ART [147] As many public health care centres do 
not have functioning dental equipment, the Ministry of Health in Egypt was requested to supply 
ART hand instruments and a quality high-viscosity glass-ionomer to suitable public health care 
centres. 
Only providing instruments and materials is not enough. A proper training of dentists in 
ART and related carpological and restorative dentistry principles are mandatory. The inclusion 
of ART in the oral health care system of African countries is a cornerstone of the recently 
launched Plan for improving Oral Health in Africa developed by the African Regional Office of 
Africa in Brazzaville [148]. Another important aspect that is hardly known in the world and 
certainly not in Egypt is the percentage of cavitated dentine lesions that can be treated through 
ART by age period. This information is essential for planning oral health services in outreach 
situations, like schools but is also useful in private practice. For that reason, this PhD research 
investigates the percentage of dentine cavities in adolescents that can be treated restoratively 
using the ART caries assessment criteria. 
Aims of the PhD research 
1- To assess the prevalence and severity of dental caries and that of dentine cavities 
treatable through the ART approach amongst adolescences in Egypt. 
2- To assess the effectiveness of ultrasound application during setting on the 
microhardness and diametral tensile strength of high-viscosity glass-ionomers used 
for ART restorations over different times. 
3- To measure the micro-shear bond strength of high viscosity glass-ionomer cement to 
normal and caries affected dentin under intrapulpal simulation. 
4- To compare the survival percentages of occlusal ART/HVGIC restorations with and 
without chlorhexidine in young adults over two years. 
5- To compare the survival percentages of ART/HVGIC restorations with and without 
zine reinforcement in multiple-surface cavities ofyoung adults over two years. 
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6- To compare the micro-shear bond strength of four single-step self-etch adhesive with 
two-step one to nonna! and caries affected dentin. 
7- To test the efficacy of using dye permeability test in differentiating normal dentin 
from caries-affected one. 
8- To evaluate the effect of 2% and 5% CHX on the durability of a two-step self-etching 
adhesive system to normal and caries-affected dentin after aging for two years in 
artificial saliva and under simulated IPP. 
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Abstract 
Objectives: To assess the prevalence and severity of dental caries amongst Egyptian 
adolescents and the prevalence of carious lesions treatable through the atraumatic restorative 
treatment (ART) approach. Subjects and Methods: Using a convenient sample procedure, two 
secondary schools with a denta1 clinic were selected (967 students, average age: 13.7 8 0.8 
years, range: 12-15). Dental caries was diagnosed using the ART caries criteria, and plaque 
and calculus were assessed using the Green and Vermillion criteria amongst students grades 
1-3 in the dental clinic by 3 calibrated examiners. The effect of the independent variables 
gender, age, tooth surface, jaw side (left or right) and type of jaw (mandible/maxilla) on 
dependent caries experience variables and D2 and D3 variables were tested using ANOV A. 
Results: The prevalence of dental caries including enamel lesion (D2MFT) amongst the 967 
students was 51.4% and that of dental caries excluding enamel lesions (D3MFT) was 38.1 %. 
The mean D2WT and D3MFT scores were 1.5 and 0.8, respectively. The percentage ofteeth 
filled and extracted was low. Female students had statistically significantly higher mean 
D3MFT/S and D2MFT/S scores than males (p < 0.0001). The prevalence of cavitated carious 
lesions (DJ) treatable through ART was 48% for score 2 and 28% for score 3. Conclusions: 
Most of the cavitated lesions were found untreated despite the presence of a dental clinic and 
a dentist on the school premises. The majority of cavitated lesions without pulp involvement 
could be treated using the preventive and restorative components of the ART approach. 
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Introduction 
The World Health Organization (WHO) has reported that caries experience in 12-year-olds is 
decreasing in developed and increasing in developing countries [l]. However, the report does 
not include data from Egypt as, in genera!, published caries epidemiological data among 
Egyptians are very few and old [2-6]. Based on the available data on caries experience 
amongst adolescents, the prevalence of dental caries is low and is skewly distributed with the 
large majority of dentinal carious lesions being present in a small percentage of children [3]. 
Most Egyptians live in rural or suburban areas with limited access to public oral 
health care services. Those providing the services usually are employed in clinics that have 
insufficient dental materials or instruments whereas most of the available equipment is 
inoperable for reasons such as lack of electricity and/or running water or spare parts. This 
situation reflects the low priority of oral health within the Egyptian national health care 
system [6]. Extraction of badly decayed teeth is the predominant treatment used to cure 
toothache [ 6]. This situation is characteristic of many developing countries [1]. Therefore, to 
improve the oral health service in Egypt, the current restorative treatment approach needs to 
be changed and appropriate treatment concepts that emphasize disease prevention and 
conservation oftooth structures should be adopted [7]. One such concept is called atraumatic 
restorative treatment (ART). The ART approach is based on the principle of appropriate 
technology, prevention and cure and is in line with WHO's primary health care concept [8]. It 
represents a practically and scientifically sound treatment method for managing dental caries 
that makes preventive and restorative treatment available to many population groups 
previously left without dental care [9]. 
Although young age is considered the best time to start caries prevention, it can be 
argued that, in communities with limited resources, this age group may be given less priority 
in favor of preserving the permanent dentition of older individuals. As adolescents have a full 
set of permanent teeth it is important that these young people are supported in keeping these 
teeth healthy through exposure to preventive, promotional and curative care. 
The successful use of ART in adolescents in Egypt is shown by the high 5-year 
survival rate of 85% for single-surface ART restorations [10] and the high level of its 
acceptance among adolescents [11]. 
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However, the ART study was neither accompanied by an investigation into the 
prevalence of dental caries among this age group, nor has the prevalence of carious lesions 
treatable through the ART approach been investigated. Therefore, in order to properly plan 
appropriate caries management programs for adolescents in Egypt, information regarding the 
above-mentioned situation is needed. The purpose of this study was to assess the prevalence 
and severity of dental caries amongst Egyptian adolescents as well as the prevalence of 
carious lesions treatable through the ART approach. 
Subjects and Methods 
Sampling Method 
Egypt is a developing country with a population of 74 million people. Greater Cairo is 
administratively divided into three districts: Cairo, Giza and Shobra. The population of Caïro 
is about 7 million. In Egypt, the preuniversity education system is composed of three stages, 
namely primary, preparatory and secondary. Public and private schools offer educational 
services according to their socioeconomic structures. By far the largest group of schools are 
free public schools [12]. Some of the secondary schools have been provided with a dental 
clinic. From a list of public preparatory schools in Giza, provided by the Health Insurance 
Organization, two schools in one district, one for boys and the other for girls, with a dental 
clinic were conveniently chosen. This epiderniological investigation was part of a clinical 
study of the survival of restorations using different materials. The present study was 
approved by the Ministry ofHealth's Ethics Committee. 
Oral Examination 
A total of967 students, 493 girls and 474 boys, from grades 1-3 who were present on the day 
of the examination were orally examined at the school's dental clinic using good operating 
light and air and water spray by 3 calibrated examiners (E.H.M., M.M.S., A.H.R.), employed 
at the Restorative Department of Cairo Dental School. Plaque and calculus on the six index 
teeth (16; 11; 26; 26; 31; 46) were recorded by trained dental assistants using the OHI index 
[13]. Carious lesions were diagnosed using the criteria described in table 2.1. The examiners 
used plain mouth mirrors, explorers and 0.9 mm discoid excavators. The explorer was used to 
remove plaque and remaining food debris from the tooth surfaces rather than digging it into 
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pits and fissures. The excavator was used to assess a small dentinal lesion that needed a 
sealant (code 2) or those that needed to be restored (code 3). Cotton rolls were used for saliva 
control and cotton pellets were used to dry teeth and to remove plaque that hindered proper 
diagnosis. No radiographs were taken. 
Quality of Data 
At the beginning of the study, examiners were trained and calibrated in 3 sessions over 3 days 
during which a total of 10 students were examined every day. Differences in observations 
were discussed amongst the examiners with the students present for reassessment and for 
reaching consensus. Intra- and inter-examiner consistency tests were performed on 20 
students examined 1 week apart by all 3 examiners who were blinded to this examination. 
The kappa coefficient was used to calculate inter- and intra-examiner consistency. 
Statistica/ Analysis 
The independent variables analyzed were age, gender, tooth surface, type ofjaw andjaw side 
while the dependent variables were caries experience (mean D3MFT/S score and mean 
DiMFT/S score), level of oral hygiene (mean plaque and mean calculus score). The D2 
component of the D2MFT/S score constituted caries codes 1, 2, 3 and 4, whereas the D3 
component of the D3MFT/S score constituted only caries codes 2, 3 and 4. The effect of the 
independent variables on all caries variables was tested with ANOV A models without 
interaction effects. Effects of tooth surface, jaw side (left/right) and type of jaw 
(mandible/maxilla) on D2 and D3 variables were tested with a three-way ANOV A model 
without interaction. Differences between categoriaal variables were tested using a x2 test. 
Statistical significance was set at a = 5%. 
Disposition of Subjects 
The kappa values for inter- and intra-examiner consistency for all codes were 0.99 and 0.99, 
respectively. Among the 12- to 14-year-olds and also for gender, there was no statistically 
significant difference (p = 0.13). However, the number of 15-year-old boys was statistically 
significantly lower than that of girls (p <0.0 l ). 
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Results 
Caries Experience 
The prevalence of dental caries including enamel lesions (D2MFT) was 51.4% and that of 
dental caries excluding enamel lesions (D3MFT) was 38.1 %. The mean D2MFT/S and 
D3MFT/S with standard deviations and index components are presented in table 2.2. Female 
students had statistically significantly higher mean DJMFT (1.18 vs. 0.89), DJMFS (1.90 vs. 
1.57), D2MFT (1.98 vs. 1.68) and D2MFS (2.83 vs. 2.40) scores than males (p <0.0001). 
Table 2.1 Caries diagnostic classification used in the present study 
Code Description 
0 Sound surface 
1 Early enamel lesion; white/opaque or brownish 
2 Carious lesion involving the dentine slightly; lesion cannot be penetrated with 
smallest excavator 
3 Dentinal lesion; lesion can be penetrated with smallest excavator 
4 Dentinal lesion; possible or definite pulp exposure 
5 Restoration 
7 Missing due to caries 
9 Unable to diagnose 
D2 consists of caries codes 1-4; 03 consists of caries codes 2-4. 
There was an age effect for the mean D2MFT score observed (p <0.006). Twelve-
year-olds had statistically significantly lower mean D2MFT scores than 13- to 15-year-olds (p 
<0.003). The D component predominated the D2MFT and D3MFT indices. The D2 
component accounted for 87%, the M component for 5% and the F component for 8% of the 
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D2MFT index. The distribution of components within the DJMFT index was: DJ component 
78%, M component 9% and F component 13%. 
There was no statistically significant difference observed in the D2 component 
between the right and left side of the maxilla and the mandible (p = 0.69). There was a type 
of jaw and tooth type effect observed. The D2 component was higher in the mandible than in 
the maxilla (p <0.001). The D2 component was mainly present in first and second molars. 
The prevalence of adolescents belonging to the high caries risk group (D2MFT score 64) was 
16%. 
Carious Lesions Treatable with the ART Approach 
The frequency distribution of caries criteria scores within the D2 component was: code 1: 
49%; code 2: 25%; code 3: 15% and code 4: 12%. Regarding the cavitated carious lesions 
(D3), the distribution was: code 2: 48%; code 3: 28% and code 4: 23%. In the maxilla, caries 
codes 2 and 3 showing lesions that were treatable through either ART sealants ( code 2) or 
ART restorations (codes 2 and were predominantly found in occlusal surfaces (66%), 
followed by palata] (12%) and mesial surfaces (12%), whereas the predominant surface with 
carieus lesions treatable by the ART approach (codes 2 and 3) in the mandible was found in 
occlusal surfaces (64%), followed by buccal (26%) and mesial (6%) surfaces. 
Oral Hygiene Experience 
The prevalence of adolescents with plaque was 74. 7% and that of adolescents with 
abundance of plaque (DI 61.S) was 2.1%. The prevalence of adolescents with calculus was 
71.3% and that of adolescents with medium levels of calculus (Cl= 1) was 3.4%. None of the 
adolescents had teeth covered with abundance of calculus. 
Discussion 
In order to organize effective community oral health promotion and care programs at 
preparatory schools, a situation analysis of oral health amongst its students was needed. The 
present study was carried out to estimate the caries prevalence and experience among a group 
of adolescents that had access to organized oral care at the school compound. The sample 
was chosen in a convenient way as it was part of a clinical trial. Therefore, the results of the 
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present study are not representative of the oral health situation of adolescents in Greater 
Caïro. However, considering the absence of caries epidemiological studies on Egyptians in 
genera! for many decades, the present study provides useful information on the oral health 
situation of adolescents that have access to oral care at their school premises. 
A few aspects of the methodology used need to be discussed. As the possibility for 
taking X-rays was not available at the schools, it is wel! possible that the condition called 
'bidden caries' was not detected, which may alter the reported ratio of enamel to dentinal 
carious lesions in the D2MFT/S count. Furthermore, the correction factor for the M 
component was set at 3. However, as no longitudinal caries epidemiological surveys have 
been reported in Egypt, the factor 3 may be an under- or over-estimation of the contribution 
of the M component to the DMFS count. Considering both methodological aspects it is very 
unlikely that they have a great impact on the caries estimates presented. 
Table 2.2 Mean ThMFT/S and D3MFT/S scores, standard deviations (SD) and their 
components 
Caries 
indices 
D2MFT 
D2MFS 
D3MFT 
D3MFS 
D2T 
ThS 
03T 
D3S 
MT 
FT 
Mean 
1.5 
2.2 
0.8 
1.5 
1.3 
1.6 
0.6 
1.0 
0.1 
0.1 
SD 
2.0 
3.5 
1.4 
3.0 
1.9 
2.7 
1.2 
2.1 
0.3 
0.5 
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Compared to the goal set for 12-year-olds by WHO for the year 2000, the present 
study showed a low level of dental caries in this adolescent population. This finding of the 
present study is in agreement with results reported from Egypt in the 50-70s [3, 14, 15]. They 
contradict the situation expressed in the literature that dental caries is increasing in 
developing countries at a critica] rate [16]. 
Although it is difficult to strictly compare the results of the present study with those 
of other Middle East countries, because of the different sampling methods employed, 
deviation in ages studied and employment of different examiners, it is worthwhile to place 
the caries situation in Egypt in a wider context. The mean DMFT score of 1.5 of on average 
13.7-year-olds in the present study is in line with the mean DMFT score of 1.3-2.0 for 12-
and 15-year-olds in Tunisia in 1994 [l 7], but it appears to be lower than that of 12- and 15-
year-olds from Syria (2.3 and 3.6) in 1998 [18] and even lower than that of their Jordanian 
age mates (4.5) during 1993-1997 [19]. It appears that the caries experience found in 
adolescents in the present study is relatively low compared to age mates in neighboring 
countries. 
The D-component predominated the DMFT index similar to other developing 
countries [20]. More than 75% of the cavitated carious lesions had not been treated. Having 
the present study performed in schools that are equipped with a dental clinic poses some 
pertinent questions about the effectiveness of the current school oral health program. It has 
not been investigated, in the present study, why the delivered care at schools was mainly 
devoted to extraction and restorative care, and not to caries prevention and promotion. But 
we suggest that the current school oral health program needs to be evaluated. The present 
study has shown that 15% of the cavitated carious lesions could be restored using ART with 
certainty. From the 25% of teeth with caries code 2, those with a cavity opening that can be 
widened using hand instruments could also be restored using ART. Those cavities with caries 
code 2, with a cavity opening that cannot be widened using hand instruments, could be sealed 
with ART. In a systematic review, Griffin et al. [21] demonstrated that sealing over small 
dentinal lesions is an accepted and effective manner of managing such small dentinal carious 
lesions, despite the fact that microorganisms are sealed in the process. Moreover, a review of 
the evidence showed that these microorganisms are reduced tremendously and that 
practitioners should, therefore, not be concerned about inadvertently sealing over remaining 
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carious lesions [22]. This shows that the introduction of ART in schools and other 
communities in Egypt would contribute to improvement of oral health. 
The largest percentage of carious lesions was recorded for teeth with caries code 1. 
These lesions require preventive care, either through vigorous plaque control or through 
placing an ART sealant. The effectiveness of ART sealants has been shown in a 5-year study 
from Syria. ART sealants, using high viscosity glass ionomers, were significantly better than 
resin composite in preventing dentinal lesion development in pits and fissures of?- to 8-year-
olds [23]. The remaining caries code 4 usually requires extraction in the public services in 
Egypt. In swnmary, the suggested treatment options for the different caries codes are in line 
with WHO's Basic Package of Oral Care [24]. This package is based on pain relief through 
extraction and ART restoration, preventive care through tooth brushing with a fluoride 
containing toothpaste and through ART sealants, and restoring tooth cavities using ART. 
However, for the Basic Package of Oral Care to be introduced in schools, its elements need to 
be taught in under- and post-graduate education institutions and through specially conducted 
ART training courses. In this way the high surplus of genera! dental practitioners, who are 
now distributed over the governmental health care units, of which many are nonfunctional, 
could be made to real use for improving the oral health of the population of Egypt. In this 
process, the educational model for teaching ART to undergraduate students, proposed for use 
in Brazil's dental institutions, may be helpful [25). Training dental personnel in ART is a 
necessity if one wants to provide quality preventive and restorative care. Also the type of 
dental personnel may be a factor in the success of ART restorations with dentists performing 
better than nondentists [26]. ART is considered one of the treatments that constitute modem 
caries management within the concept of Minimal Intervention Dentistry [7], but it should 
not be looked at lightly. All procedural steps should be carried out according to standard. 
The finding that dentinal lesions in the present study were predominantly found in 
lower molars and in occlusal surfaces is in agreement with results from other studies [3, 18, 
27]. Producing restorations through ART in easily visible tooth surfaces will increase its 
quality . 
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Chapter 3 
Microshear Bond Strength of Self-etching Adhesives to Caries-
affected Dentin Identified Using the Dye Permeability Test 
This chapter has been published as: Mobarak: EH, El-Badrawy WH. Microshear bond 
strength of self-etching adhesives to caries-affected dentin identified using the dye 
permeability test. J Adhes Dent 2012;14:245-50. 
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Abstract 
Purpose: The aim ofthis study was to compare microshear bond strength (µSBS) of different 
adhesives to nor- mal dentin (ND) and caries-affected dentin (AD) as differentiated using the 
dye permeability test. 
Materials and Methods: One hundred freshly extracted carious teeth were ground to expose 
normal and caries- affected dentin. Differentiation between both substrates was carried out 
using microhardness and a new dye permeability method. Ground teeth were divided into 5 
groups according to the adhesive tested; Clearfil SE Bond (SE), Clearfil DC Bond (DC) 
(Kuraray), Bond Force (BF) {Tokuyama), AdheseOne (AH) (Ivoclar), Adper Prompt-L-pop 
(PR) (3M ESPE). Adhesives were applied to selected substrate, and composite cylinders (0.9 
mm diameter x 0. 7 mm length) were formed. After 24 h, specimens were subjected to 
microshear testing at a crosshead speed of 0.5 mm/min. Failure modes were determined using 
a stereomicroscope at 40X magnification. Data were analyzed using Kruskal-Wallis and 
Mann-Whitney U-tests. 
Results: Normal dentin was permeable for the dye, while caries-affected dentin was 
impermeable. Vickers hardness numbers (VHN) for normal and caries-affected dentin were 
63.98 ± 3.24 and 62.40 ± 3.49 respectively, which were not significantly different (p > 0.05). 
µSBS values were: SE-ND = 22.34 ± 6.4, SE-AD= 18.70 ± 4.0, BF-ND = 24.52 ± 4.9, BF-
AD = 18.31 ± 4.9, DC-ND = 24.49 ± 8.0, DC-AD = 18.97 ± 9.4, AH-ND = 17.21 ± 6.8, AH-
AD = 17.03 ± 10.3, PR-ND = 13.67 ± 4.4, PR-AD = 7.31 ± 2.4 MPa. A statistically 
significant difference was found among the adhesive systems to both normal (p < 0.01) and 
caries-affected dentin (p < 0.001). However, µSBS of SE, DC, and AH adhesives to normal 
dentin were not significantly different from those of caries-affected dentin (p > 0.05). 
Conclusions: The permeability test was an effective tool to differentiate between normal and 
caries-affected dentin. Some adhesive systems showed no significant difference in their bond 
to normal or affected dentin. 
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Introduction 
Dentin is a dynamic substrate that is continuously subjected to changes in composition and 
micro-structure due to either physiological or pathological causes. Dentin that is formed in 
reaction to noxious stimuli is called reactionary dentin.28 Caries-affected dentin is considered 
one variant of reactionary dentin that is formed in response to mild stimuli, such as caries; it 
differs from normal dentin in the presence of mineralized precipitates inside the tubules. 
Although this mineral precipitate has a biologica! advantage of decreasing dentin 
permeability for noxious agents that may affect the pulp, it may hinder the formation of a 
sufficient bond to the overlying resin restoration,15,35 Several methods have been utilized to 
differentiate between normal dentin and caries-affected dentin, including visual and tactile 
examination, dentin staining using car- ies detectors,6,16,25 and hardness measurements of the 
dentin substrates.1,15-18 Despite the popularity of acid red dye as a caries-affected dentin 
detector, the staining ability ofthis dye does not rely on chemica! reaction with caries-affected 
dentin or staining the bacteria in the carious tissue.1°, 11 Moreover, microhardness testing is time 
consuming and requires the use of a device that may notalways be available in laboratories.1 
Hence, accurate differentiation between dentin substrates requires further research. Bonding to 
dentin is usually carried out according to the manufacturer's recommendation of the adhesive 
system used, regardless of the type of dentin. Although etch-and- rinse adhesive systems are 
considered the gold standard in bonding, their multistep technique may increase the chance 
of incorrect clinical handling.4.23 Also, the need for a post-conditioning rinse phase is 
considered by many clinicians as a time-consuming procedure and bears the risk of 
overwetting or overdrying the dentin surface before bonding.31 On the other hand, the self-
etching bonding technique currently available in one or two steps does not require arinsephase, 
which saves time and decreases the risk of manipulation errors with less discrepancy between 
the depth of demineralization and the depth of infiltration.26 Numerous studies have been 
carried out to compare etch-and-rinse and self-etching bonding techniques with respect to 
bond strength and longevity. Bond strength values to normal dentin using the two-step self-
etching technique were found to be comparable to those obtained with etch-and-rinse systems.30 
Although caries-affected dentin is often a more common bonding substrate available 
following cavity preparation, little is known about the bond strength of single-step self-
etching adhesives to this dentin substrate. Therefore, one of the aims of this study was to 
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evaluate the microshear bond strength of four single-step self-etching adhesive systems to caries-
affected dentin and to compare them to that of two-step self-etching adhesives. The second 
objective of the study was to examine dye permeability as a new method to differentiate 
between normal and caries-affected dentin for in vitro testing. The null hypotheses were: 1) 
The different tested self-etching adhesives bond equally to both normal and caries-affected 
dentin; 2) The dyepermeability method cannot differentiate between normal and caries-affected 
dentin. 
Materials and methods 
Tooth Selection and Caries-affected Dentin Identification Procedure 
A total of one hundred five human molars with corona! caries were collected and stored in 
phosphate buffer solution with 0.2% sodium azide at 4°C. All teeth were used within two 
weeks of their collection. Enamel and infected carious dentin of all occlusal surfaces were 
then ground using a rotary grinding machine under water coolant. Grinding was carried out 
perpendicular to the Jong axis of the tooth in order to produce a flat surface. Each ground 
tooth was selected so that it would expose normal and caries-affected dentin, but with no signs 
of pulpa! exposure as a result of grinding. Ground occlusal surfaces were then examined for 
the presence ofcaries- affected dentin with the aid of the following criteria. 
1. Clinical (visual and tactile) examination: Visual exami- nation was carried out to check 
dentin color. The texture of the dentin was also tactiley examined using a blunt explorer. 
Dentin that was light to dark brown in color and was firm in texture was classified as 
caries affected.12 
2. Tooth permeability: Roots of selected teeth were re- moved using a diamond disk 
(Edenta Golden; Au/SG, Switzerland) to create direct communication with the pulp 
chamber. Remaining pulpa! tissue was carefully removed with endodontic files. Care 
was taken not to touch the walls of the pulp chamber. The remaining crown segments (n 
= 100) were then bonded to a circular acrylic resin plate (12 mm in diameter) with a 
cyanoacrylate adhesive (Rocket light, Dental Venture of America; Corona, CA, USA). 
The acrylic resin plate was drilled with a round bur (ISO 014, Kornet; Lemgo, Germany) 
52 
to allow the insertion of a 19-gauge butterfly needle (MFG; Hong Kong, China). The teeth 
with their acrylic plate were then embedded in self-curing acrylic resin while keeping the 
cannula in place. The cannula was checked for its patency prior to the hardening of the 
acrylic resin. The other end of the cannula was connected to a syringe filled with 2% 
methylene blue dye (Sigma-Aldrich; St Louis, MO, USA) so that the dye permeated into 
the tooth through the pulp chamber under pressure (Fig. 3 1 ). 
3. Vickers microhardness testing: Hardness testing was carried out for five representative 
ground teeth. Teeth were embedded in self-curing acrylic resin so that the ground dentin 
surface was parallel to the base of the mold. Ground surfaces (n = 5) were further 
polished under water using SiC paper (MicroCut8, Buehler; Lake Bluff, IL, USA} with 
successive grits up to 4000, 30 s per grit size, in order to enhance visualization of the 
indentations. The Vickers test was performed under a 100 g load for 15 s. Ten 
indentations were carried out for each tooth: 5 each on caries-affected and normal dentin. 
The average of five indentations was calculated for each dentin specimen. A mean value 
was then calculated for all the normal and the caries-affected dentin specimens. 
Microshear Bond Testing 
The selected stained teeth were divided into 5 main groups (n = 20) according to the 
adhesive system used. Table 3.1 shows names, abbreviations, manufacturers, chemica) 
composition, and the mode of application for adhesive systems used. A double adhesive tape 
with two punched holes, each 2 mm in diameter, was applied to frame the selected dentin 
areas to be bonded. Normal and caries-affected dentin were chosen as bonding sites in every 
tooth in order to eliminate substrate variability between different teeth. Adhesive systems 
were then applied according to their manufacturers' instructions. Filtek Z250 resin 
composite (shade A3, 3M ESPE; St Paul, MN, USA) was placed in small poly- ethylene 
tubes 0.9 mm diameter and 0.7 mm length to create microcylinders. Each composite 
microcylinder was light cured for 20 s using a Bluephase unit (Ivo- clar Vivadent; Schaan, 
Lichtenstein). The light intensity (450 to 500 mW/cm) was checked using a radiometer 
(Demetron L.E.D. Radiometer, Kerr; Orange, CA, USA). After all composite cylinders 
bonded to caries-affected dentin had been color coded, the specimens were stored in 
distilled water at 37°C for 24 h. The double adhesive tape and the small polyethylene tubes 
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Table 3.1 Adhesive systems: Manufacturer and chemical composition. 
Adhesive Code Composition (batch number) (Man ufacturer) 
Clearfil SE Primer: 10-MDP, HEMA, hydrophilic dimethacrylate, 
Bond SE photoinitiator and water (00185A) 
(Kuraray, Adhesive: 10-MDP, Bis-GMA, HEMA, hydrophilic 
Osaka, Japan) dimethacrylate and microfiller (00176A) 
Clearfil DC Liquid A: HEMA; 10-MDP; bis-GMA; 
Bond DC dl-camphorquinone; dibenzoyl peroxide; colloidal silica, 
(Kuraray, initiators. (000094) 
Osaka, Japan) Liquid B: Water; ethanol , Accelerators, initiators. (00007 A) 
Bond Force Phosphoric acid monomer, Bis-GMA, TEGDMA, HEMA, 
(Tokuyama, BF Camphorquinone, alcohol and purified water. (014) 
Japan) 
AdheaSE One bis-Acrylamide, water, bis-methacrylamide dihydrogen 
(Ivoclar- phosphate, amino acid acrylamide, hydroxyl alkyl 
Vivadent, AD methacrylamide, highly dispersed silicon dioxide, 
Schaan, catalysts, stabilizers. (K41349) 
Lichtenstein) 
Adper Prompt- The first compartment: contains methacrylated phosphoric 
L-Pop esters. Bis-GMA 
(3MESPE, st. PR Initiators based on comphorquinone stabilizers. 
Paul,MN, The second compartment: contains water, HEMA, 
USA) polyalkenoic acid stabilizers. ( 182362) 
Bis-GMA: bisphenol-glycidyl methacrylate; HEMA: didroxyethilmethacrylate; 10-MDP: 10-
methacryloyloxydecyl dihydrogen phosphate.1EGDMA: Triethylene glycol dimethacrylate; 
were then carefully removed, leaving the composite microcyl- inders bonded to dentin 
surface. Each microcylinder was checked for any defect or air bubble, and its dimensions 
(diameter 0.86 mm) were checked using a digital caliper (Digimatic caliper, Mitutoyo; 
Kyoto, Japan). 
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Bach bonded specimen was secured to a specially designed fixture (Fig 3.1).13 A stainless 
steel wire loop (180 µmin diameter) was placed as close as possible to the bonded intetface 
and aligned with the loading axis of the testing assembly. Load was applied using a testing 
machine (Lloyd LRX; Lloyd Instruments; Fareham Hants, UK) at a crosshead speed of 0.5 
mm/min. Data were recorded using computer software (Nexygen-4.1; Lloyd Instruments). 
The bond strength was calculated for each specimen and means were calculated. The 
Kruskal-Wallis test was used to test the significant difference among the mean microshear bond 
strength values for the different adhesive systems. The Mann-Whitney U-test was used to test 
for significant differences be- tween the mean microhardness values of nonna! dentin 
compared to caries-affected dentin within each adhesive system. The significance level was 
set at p < 0.05. The mode of failure was determined for each specimen using a 
stereomicroscope (Olympus SZ-PT, Olympus; To- kyo, Japan) at 40X magnification. 
Results 
As seen in the photographs (Fig 3.2) following the dye permeability test, caries-affected 
dentin showed less dye permeability than did normal dentin. This appearance was used to 
differentiate it from normal dentin. These results were also confirmed by the visual and 
tactile examination. The means ± SD ofVickers hardness num- hers (VHN) for norrnal and 
caries-affected dentin were 63.98± 3.24 and 62.40 ± 3.49, respectively, which were not 
significantly different according to the Mann- Whitney U-test (p > 0.05). Table 3.2 shows 
mean µSBS values of the five adhe- sive systems to both normal and caries-affected dentin. 
The highest mean µSBS value with normal dentin was recorded for Bond Force, followed 
by Clearfil DC Bond, Clearfil SE Bond, AdheSE One, and finally Adper Prompt-L- pop. 
On caries-affected dentin, Clearfil DC Bond showed the highest mean value followed by 
Clearfil SE Bond, Bond Force, and then AdheSE One. Adper Prompt-L-pop also showed 
the lowest mean µSBS value to caries-af- fected dentin. The Kruskal-Wallis test revealed 
statistically significant differences among the adhesive systems with both normal dentin (p 
< 0.01) and affected dentin (p < 0.001). Comparing the bond of each adhesive to different 
substrates, the Mann-Whitney U-test revealed no significant difference between mean 
µSBS values to normal and affected dentin when Clearfil DC Bond, Clearfil SE Bond, and 
AdheSE One were used. However, a statisti- cally significant difference was found between 
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the mean µSBS values of Bond Force and Adper prompt-L-pop to the different dentin 
substrates. Figure 3.3 presents the different modes of failure ob- served and their 
percentages. None of the groups showed cohesive failures in dentin, the majority of the 
failures were adhesive on the dentin side with a minimum percent- age of 60%, while 
adhesive failures on the composite side had a maximum of 40%. 
l<~:,~ 1. ·-...:__:;. _;,,,1..1 .,_ ~ 1 
--~~+:) E~~ .......,..-; . I ,} . ....... ... e~:. / --~ ·, ~ t .. ,, ' ,I.:_) 
Figure 3.1 Steps oftooth embedding, staining, and preparation for µSBS testing. 
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Figure 3.2 Methylene blue dye staining ofnormal dentin (left) and caries-affected dentin 
(right). 
Table 3.2 Mean (SD) µSBS (MPa) of the adhesive systems to normal and caries-affected 
dentin 
Adhesive system Normal Caries-affected 
Clearfil SE Bond 22.34 (6.4)aA 18.70 (4.09)aA 
Clearfil DC Bond 24.49 (8.0)bA 18.97 (9.4)bA 
!Bond Force 24.52 (4.9)A 18.31 (4.9)A 
AdheaSE One 17.21 {6.8)CB 17.31 {10.3)CA 
Adper Prompt-L-Pop 13.67 (4.4)C 7.31 (2.4)B 
p-value < 0.01 < 0.001 
Same lowercase letter within rows indicates no significant di:fference using the Mann 
Whitney U-test (p > 0.05). Same uppercase letters within columns indicates no significant 
di:fference using the Mann-Whitney U-test (p > 0.05). 
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Figure 3.3 Mode of failure percentages obtained by the different adhesive 
systems for the two dentin substrates. 
Discussion 
Because it was possible to differentiate caries-affected from nonna! dentin using the dye 
penetration test, the second null hypothesis must be rejected. In this study, the permeability 
test using methylene blue dye was selected for differentiating between nonna! and caries-
affected dentin, as it has no adverse effects on bond strength.7 This process was considered a 
nondestruc- tive method compared to the microhardness test. Specimen preparation for 
microhardness requires polishing of the dentin surface, which may alter its consistency for 
bonding, and may dehydrate the specimen during testing. The permeability test was based on 
the method utilized by Tagami et al. 27 The results of the present study showed no staining of 
the affected dentin compared to the normal one, which could be attributed to the decreased 
permeability of the caries-affected dentin in relation to nonna! dentin. This decrease in the 
permeability could be attributed to peritubular and intratubular crystal forrnation in dentinal 
tubules, as confirmed by Elgadaid et al's results.2 
The results of the tactile and visual examination in this study were in agreement with 
our permeability differentiation test results. As also reported in the literature,12 the caries-
affected dentin in this study clinically appeared light or <lark brown in the centra! area and 
feit firm upon probing after caries removal by an excavator. However, the visual and tactile 
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examinations are clinically subjective methods and rely on the clinician's judgment and 
experience; therefore, the method of choice in this study was the permeability method. 
Microhardness testing was also carried out to further substantiate the permeability method 
and help eliminate any human variability.16 The results of the present study showed no 
significant difference between the hardness of normal and caries-affected dentin. In contrast, 
Nakajima et aJl 6 and Lopes et aJl2 obtained conflicting results. Lopes et a112 showed caries-
affected dentin hardness being 30% greater than normal dentin at the same depth, whereas 
Nakajima et a}t5 stated that Knoop hardness nurnbers of caries-affected dentin were low, 
indicating its softness despite the fact that dentinal tubules were occluded with minerals 
crystallites. Kawasaki et al9 reported that this could be expected, since the mineral distribution 
of the carious dentin lesion varies greatly from tooth to tooth and from patient to patient. It 
has also been noted that microhardness testing may be a valuable method to differentiate 
between the two types of dentin substrates on the axial wall, but on the pulpa! wall, this method 
may be less sensitive. 
Caries-affected dentin is sometimes just a small area in a prepared cavity, so that the 
common bond strength testing methods - such as shear and tensile bond strength tests - may 
be inaccurate. These tests include bonding areas that are sometimes much larger than the 
caries-af- fected dentin area, which may falsify the obtained results. Microshear bond testing 
was selected for this study, since both microshear and microtensile tests measure samples as 
small as 0.5 mm2 for precise mapping of dentin surface.33 Hence, they can focus on different 
structural dentin components. Shear bond strength testing, however, has been criticized for 
producing high stress concentrations at the point of contact.32 
Bonding to dentin requires its conversion to a suitable surface for bonding infiltration. 
This might be compromised in caries-affected den tin, due to the presence of large crystals of 
calcium phosphate occluding dentinal tubules as a result ofrepeated cycles of demineralization 
and remineralization which occur during the caries process.JJ These crystals were found to be 
less soluble in acidic conditions than normal hydroxyapatite crystals, making peritubular 
dentin of affected dentin more difficult to demineralize than normal dentin.33 The ultimate 
goal of adhesive dentistry is to have adhesive systems that are less sensitive to variations in 
different tooth substrates. The microshear results of the present study suggest partially 
accepting the first null hypothesis, where lower bond strength to caries-affected vs normal 
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dentin was reported with some of the self-etching adhesive systems tested. This trend is in 
agreement with findings of other studies.1 ,3,19,21 Bonding to sound dentin using self-etching 
adhesive systems occurs through conditioning the enamel and the sound dentin 
simultaneously, infiltrating the smear layer, and partially dissolving hydroxyapatite crystals to 
create a hybrid layer incorporating minerals.20 On the other hand, bonding to caries-affected 
dentin using the self-etching primers might occur through partially demineralizing the 
hypermineralized smear layer present in caries-affected dentin, creating enough porosity both 
around and within it, without reaching the underlying dentin. This may be due to the fact that 
when self-etching primers are applied to caries-affected dentin, they may become buffered at a 
higher rate by the mineral content of this hypermineralized smear layer compared to that of 
nonna! dentin and/or due to the acid-resistant intratubular crystals. Thus, they may not be able 
to demineralize the whole thickness of the smear layer and reach the underlying dentin.35 In 
other words, the resin may bond to the crystals present in the smear layer without hybridizing 
the underlying dentin. That contributes to the reduced bond strength to caries-affected dentin as 
found by Yazici et aJ.33 
The finding that Clearfil DC Bond's µSBS was similar to that of the two-step, light-
cured adhesive system (Clearfil SE Bond) for both normal and caries-affected dentin could 
almost be expected, as they are both from the same manufacturer and have nearly the same 
composition and mild acidity (pH = 2). Both adhesives showed a slight but insignificant 
decrease in their µSBS to caries-affected dentin. This may be due to the presence of 10-MDP 
mono- mer in their composition. Y oshida et al34 reported the potential benefit of an additional 
strong chemica! interaction between the functional momoner and residual hydroxyapatite, 
forming calcium salts which are expected to be hydrolytically stable. 
The high bond strength values to normal dentin exhibited by Bond Force could be 
explained by the basic chemistry of the adhesive. According to the manufacturer, it is different 
than other adhesives as it contains a "key material" called 3-D SelfReinforcing (SR) adhesive 
monomer. This adhesive monomer may provide high adhesive strength to tooth substrate, 
because the SR monomer contains two or more phosphate groups that interact with the 
calcium in the teeth and Bond Force's SR monomer cross links to forma 3-D mesh polymer 
multilink adhesion to the tooth. The significant drop in its bond to caries-affected dentin 
could be due to the sensitivity of its new components to the structural and compositional 
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differences in caries-affected dentin mentioned above. 
The low bond strength shown by AdheSE One to nonna! and caries-affected dentin 
could be explained based on the fact that the bond strength of self-etching adhesive systems 
depends not only on their penetration but also on their degree of conversion within the resin-
infiltrated zone. AdheSE One is devoid ofHEMA, which was replaced with more hydrolytically 
stable acrylamides. Santini et al24 reported that the material revealed a good 
demineralization/penetration ratio, but it showed a lower degree of cure, especially in deeper 
zones. This lower degree of cure may be multifactorial, where the degree of cure of the new 
monomer itself is uncertain; also in certain initiator systems, the acid-base reaction between 
acidic mono- roers, amines, and peroxides may impair the polymeriza- tion process.22 The 
photoinitiator used in AdheSE One is not disclosed by the manufacturer, but it may contain 
acylphosphine oxides. These photoinitiators were found to not react adequately with many of 
the newer LED light curing units.14 
Adper Prompt-L-Pop's low microshear bond strength to nonna! dentin was supported 
by Inoue et al.8 These findings may be due to several factors, including the inhomogeneous 
mixing of the primer components of Adper Prompt-L-Pop during squeezing as reported by 
Van Dijken,29 as well as the incomplete polymerization of its adhesive lay er due to the low pH 
of Adper Prompt-L-Pop, which denotes a high concentration ofuncured acidic resin monomers. 
It was also reported that these acidic monomers accumulate on top of the oxygen-inhibited 
layer, which may subsequently impair the polymerization initiation cycle ofresin composite, 
lowering its bond strength.8 Although this adhesive contains acidic monomers and has a low 
pH, it is surprising that this did not improve its bond to the highly mineralized caries-affected 
dentin, explicable perhaps by its low viscosity, which permits the material to spread too thinly 
and reduces its ability to demineralize the smear layer.5 Additional information on the bond 
durability of these adhesive systems to caries-affected dentin is required. 
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Conclusions 
Under the limitations ofthis study it can be concluded that: 
• The permeability test can be a useful tool to differentiate between normal and caries-
affected dentin. 
• The bond strengths of some of the investigated self-etching adhesive systems to caries-
affected dentin were not statistically different from that of normal dentin, while others 
were significantly different. 
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Cbapter 4 
Effect of Chlorhexidine Pretreatment on Bond Strength 
Durability of Caries-affected Dentin Over 2-Y ear Aging in 
Artificial Sativa and Under Simulated lntrapulpal Pressure 
This chapter has been published as: Mobarak EH. Effect of chlorhexidine pretreatment on 
bond strength durability of caries-affected dentin over 2-year aging in artificial saliva and 
under simulated intrapulpal pressure. Oper Dent. 2011;36:649-60. 
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SUMMARY 
Objective: To evaluate the influence of 2% and 5% chlorhexidine (CHX) pretreatment on 
bond durability of a self-etching adhesive to normal (ND) and caries-affected (AD) dentin 
after 2-years of aging in artificial saliva and under simulated intrapulpal pressure (IPP). 
Methods: One hundred twenty freshly extract-ed carious teeth were ground to expose ND and 
AD. Specimens were distributed into three equal groups (n=40) according to whether the 
dentin substrates were pretreated with 2% or 5% CHX or with water (control). Clearfil SE 
Bond (Kuraray) was applied to both substrates and composite cylinders (0.9 mm diameter 
and 0.7 mm height) were formed. Pretreatrnent and bonding were done white the specimens 
were subjected to 15 mm Hg IPP. After curing, specimens were aged in artificial saliva at 
378C and under IPP at 20 mm Hg until being tested after 24 hours or 2 years (n=20/group). 
Microshear bond strength was evaluated. Failure modes were determined using a scanning 
electron microscope (SEM) at 4003 magnification. Data were statistically analyzed using 
three-way analysis of variance (ANOV A); one-way ANOV A tests, and t-test (p,0.05). 
Additional specimens (n=5/group) were prepared to evaluate interfacial silver precipitation. 
Results: For the 24-hour groups, there were no significant differences among the ND groups 
and AD groups. For ND aged specimens, the 5% CHX group had the highest value followed 
by the 2% CHX and control groups, although the difference was statistically insignificant. 
For AD aged specimens, the 5% CHX group revealed statistically higher bond values 
compared to the 2% CHX and control groups. Fracture modes were predominately adhesive 
and mixed. Different interfacial silver depositions were recorded. Conclusions: Two percent 
or 5% CHX pretreatment bas no adverse effect on the 24-hour bonding to ND and AD. Five 
percent CHX was able to diminish the loss in bonding to AD after 2years of aging in artificial 
saliva and under simulated IPP. 
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Introduction 
Self-etching adhesive systems were introduced in the market to overcome some of the 
problems encountered with their predecessors, etch and rinse adhesive systems, such as the 
discrepancy between the depth of demineralization and the resin infiltration.1 However, it has 
been reported that even the self-etching adhesive systems are prone to leave some denuded 
demineralized dentin collagen without resin infiltration.2 Because they have mild acidity, 
they provide a low pH environment that may activate latent endogenous matrix 
metalloproteinase (MMP) enzymes. 3 Human dentin contains at least five types of MMPs 
including MMP-2, MMP-3, MMP-8, MMP-9, and MMP-20.4•9 They are trapped within the 
mineralized dentin matrix during tooth development5 and dentinal caries.8 The majority of 
them are produced as latent zymogens (pro-MMPs). Disruption of MMP-collagen binding 
due to exposure to mild acids (pH=2.3-5)8 converts the pro-MMPs to active MMPs through 
splitting the low molecular-weight peptides.10•11 Over time, auto activation of further pro-
MMPs may result in increasing the enzymatic activity.3 These MMPs are thought to be 
responsible for degrading most of the extracellular matrix components, including the native 
and denatured forms of collagen.12•13 MMP enzymes also require water to hydrolyze peptide 
honds in the collagen molecules at the adhesive dentin inter-face. 14 Water infiltration into the 
adhesive dentin interface occurs through dentinal tubules as well as through the dentin 
margin. Previous studies have indicated that both forms of dentin wetness affect the initia) 
and delayed honds to dentin15· 17and nanoleakage.18 One strategy to prevent the host-derived 
proteases is the usage of MMP inhibitors. These include either specific ones such as 
galardin19 or nonspecific ones like chemically modified tetracyclines20,21 and chlorhexidine 
(CHX). 14•22 The effectiveness of CHX, as an MMP inhibitor, on bond durability to normal 
dentin (ND) has been the most frequently investigated strategy compared to other MMP 
inhibitors. 14•22•26 For caries-affected dentin (AD), little research27•28 is available despite it 
being the most relevant dentin structure for bonding and it being a challenging issue. To the 
best of the author' s knowledge, no study so far has studied the effect of CHX concentrations 
on nanoleakage and bond durability of adhesive resin to normal as well as to caries-affected 
dentin while aging was clone in artificial saliva and under simulated intrapulpal pressure 
(IPP). Therefore, the current study evaluated the effect of2% or 5% CHX on the durability of 
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a two-step self-etching adhesive system to normal and caries-affected dentin after aging for 2 
years in artificial saliva and under simulated IPP. 
The tested hypotheses were that 1) under simulated IPP, CHX concentrations (2% or 
5%) do not cause a detrimental effect on the 24-hour bond strength to ND and AD; and 2) 
different CHX concentrations have no effect on preserving bond strengths to both dentin 
substrates. 
Materials and methods 
Specimen Preparation 
Extracted human molars having occlusal caries extending approximately halfway into the 
dentin were used in the present study. Immediately after extraction, the teeth were thoroughly 
washed, scrubbed, and scaled to remove blood, mucus, shreds of periodontal ligament, 
plaque, and calculus. The teeth were stored in phosphate buffer solution with 0.2% sodium 
azide at 4°C to be used in less than 2 weeks.29 The occlusal enamel was trimmed using a 
rotary grinding machine under copious water coolant to provide a uniform flat dentin surface 
perpendicular to the long axis of the tooth. Specimens were prepared as described by 
Yoshiyama and others,30•31 to test bonding to caries-affected dentin. After grinding of the 
occlusal dentin, 1 % acid red dye in propylene glycol (Kuraray Medicine Ine, Tokyo, Japan) 
was applied.32 Further finishing was performed, using wet 600-grit SiC paper for 20 seconds 
under runnin~ water, according to the combined criteria of hardness to the sharp excavator, 
visual examination, and staining with dye. 18 The discolored, harder dentin which stained pink 
was considered AD, while the surrounding yellow dentin was considered ND.18 A flat surface 
was produced including both ND and AD with a standardized smear Iayer. 33 Then the roots 
were sectioned below the cementoenamel junction, thus creating direct communication with 
the pulp chamber. 
To prepare the teeth (n=l20) for intrapulpal pressure simulation, the crown segments 
were bonded to an acrylic circular plate and penetrated by a 19-gauge butterfly stainless steel 
needle (JMS Singapore Pte Ltd, Singapore, Singapore), using a cyanoacrylate adhesive 
(Rocket light, Dental Venture of America Ine, Corona, CA, USA). The teeth with their 
acrylic plates were embedded in polyester resin with the needle inserted in the previously 
drilled hole. The needle served to connect the pulp chamber to a plastic fluid barrel 
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containing water that was adjusted to the desired pressure using the intrapulpal pressure 
assembly. The assembly was comprised ofthree interconnected units. The first unit consisted 
of a plastic fluid barrel connected by plastic tubing to the second unit. The second unit was 
formed with a T-shape connection assembly joining the tube ends of the 19-gauge butterfly 
needles to each other and to the third unit (sphygmomanometer). The sphygmomanometer 
(Wenzhou Hongshun Industries & Trade Co, Wenzhou/Zhejiang, China) was used to monitor 
the intrapulpal pressure of the specimens. The height of the fluid barrel was adjusted to 
produce an intrapulpal pressure of 20 mm Hg for 24 hours before and after the bonding 
procedures, but was reduced to produce 15 mm Hg during the bonding procedures. 
Specimen Grouping and Restorative Procedures 
Teeth (n=120) were divided into three equal groups (n=40) according to the dentin 
pretreatment used. One group acted as the control; 0.1 mL water instead of chlorhexidine 
pretreatment was applied before using the self-etching primer adhesive. 
Table 4.1 Chemical composition and application mode of the adhesive system (Clearfil 
SE Bond) used 
Composition (Batch Application mode 
Number) 
Primer 10-MDP, HEMA, hydrophilic 
dimethacrylate, photoinitiator 
Apply primer and leave it undisturbed for 20 and water (00733A). 
seconds, dry with mild air flow for 10 seconds 
Adhesive Apply adhesive; gently air-dry for 5 seconds, light-cure for 
10 seconds 
10-MDP, Bis-GMA, HEMA, 
hydrophilic dimethacry late, and 
microfiller 
10-MDP, 10-methacryloyloxydecyl dihydrogen phosphate; HEMA, 2-hydroxyethyl 
methacrylatee; Bis-GMA, bisphenol-glycidyl methacrylate. 
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The second and third groups received 2% and 5% chlorhexidine (Caïro Pharmaceutical and 
Chemica! Industries, Caïro, Egypt) pretreatments, respectively. Half of the specimens within 
each group (n=20) were tested after 24 hours and the other half were tested after 2 years of 
aging in artificial saliva and under intra-pulpa! pressure of 20 mm Hg. Each tooth received 
0.1 mL of the proposed chlorhexidine concentration for 60 seconds. Each specimen was then 
air-dried for 30 seconds. Before the application of the adhesive, a double-faced adhesive tape 
with two holes, each punched 2.3 in diameter, was used for isolation of the dentin surface 
except for the areas to be bonded. One circular area of normal dentin and another area of 
caries-affected dentin29 were isolated. The self-etch primer adhesive system Clearfil SE Bond 
(Kuraray Medicine Ine) was applied following manufacturer's instructions. Table 4.1 lists its 
chemica! composition and mode of application. Toen the adhesive layer was light-cured for 
10 seconds following the manu-facturer's instructions. A transparent polyethylene tube, with 
0.9 mm intemal diameter, was cut into small segments ofapproximately 0.7 mm in length to 
aid in resin composite packing. Resin composite (Filtek Supreme XT, 3M ESPE, St Paul, 
MN, USA) of shade A3 was applied and condensed in slight excess into the short tubes using 
a plastic instrument to ensure it was devoid of air bubbles. The two polyethylene segments 
were centered over the two punched holes in the double-faced adhesive tape. Bach composite 
cylinder was light-cured for 40 seconds with a light-curing unit (Bluephase, lvoclar Vivadent, 
Schaan, Lichtenstein). The light-curing unit intensity (450-500 mW/cm2) was checked using 
a radiometer (Demetron LED Radiometer, SDS, Kerr, Orange, CA, USA). The double-sided 
adhesive tape and the polyethylene segments were then cautiously removed leaving the 
composite micro-cylinders bonded to the dentin surface. Bach micro-cylinder was checked 
using a 63 magnifying glass lens (Bausch and Lomb Opties Co, Rochester, NY, USA) for 
any defect or air bubble, so that upon detection of any defect the specimen was discarded. 
The diameter of the microcylinders (0.86 mm) was checked using a digital caliper (Mitutoyo 
500-171 0-6, Digimatic caliper, Mitutoyo Corp, Tokyo, Japan) and that bonded to caries-
affected dentin was coded using an indelible marker. The specimens were then immersed in 
artificial sativa prepared in accordance with Pashley et al., 14 but without protease inhibitors, 
for the proposed aging times at 37°C in a specially constructed large incubator, to 
accommodate the intrapulpal pressure assembly. Artificial saliva was composed of 
(mmol=L): CaCh (0.7), MgCb (0.6), H2O (0.2), KfüPO4 (4.0), KCI (30), NaN3 (0.3), and 
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HEPES buffer (20). Sodium azide was added to prevent bacterial growth.27 This was 
confirmed through the maintenance of the clear color of artificial saliva during the study 
duration. 
Microshear Bond Strength Testing 
Each embedded tooth with its bonded resin composite microcylinders was secured with 
tightening screws to a specially designed attachment jig (Mobarak attachment)29 to hold the 
specimens onto the testing machine. Load was applied via the testing machine at a crosshead 
speed of 0.5 mm/ min until debonding occurred. The test was perforrned once for norrnal 
dentin followed by caries-affected dentin in each tooth. The microshear bond strength (ISBS) 
was calculated by dividing the load at failure by the bonded cross-sectional area. 
Statistica/ Analysis 
Data were presented as means and standard deviations. Data distribution was tested for 
normality using the Shapiro-Wilk W test; thus, parametric analysis was used. Three-way 
analysis of variance (ANOV A) was used to compare the effect of pre-treatment ( control, 2% 
CHX, and 5% CHX), dentin type (normal and caries-affected), time of testing (24 hours and 
2 years), and their interaction. One-way ANOVA was used to test the effect of pretreatment 
on the bond strength values of each dentin type either at 24 hours or at 2 years. This was 
followed by the Bonferroni post hoc test for pairwise comparison. T-test was used to compare 
between 24 hour and 2 year mean values for each dentin type with each pretreatment 
condition (control, 2% CHX, and 5% CHX). Statistica! significance was preset at a=0.05. All 
statistica! calculations were done using the computer program SPSS version 15 for Microsoft 
Windows (SPSS, Chicago, IL, USA). 
Failure Mode Analysis Using Scanning Electron Microscope 
All fractured surfaces were investigated in a back scattered mode with an environmental 
scanning electron microscope (ESEM, Quanta 200, Philips-, Eindhoven, The Netherlands) at 
1003 and 4003 magnification. Failure modes were classified as: 1) adhesive failure at the 
dentin side; 2) mixed adhesive at the dentin side and cohesive in adhesive resin; 3) cohesive 
in adhesive resin; 4) mixed adhesive at the dentin side and cohesive in dentin; and 5) mixed 
all. 
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Additional specimens (n=5/group) were vertically sectioned across the resin dentin 
interface into slabs of approximately 1 mm using a diamond saw (IsoMet, Buehler Ltd, Lake 
Bluff, IL, USA) under water coolant. Two slabs were obtained from each tooth forming a 
total of 10 slabs per group. Bonded slabs were coated with two layers of fast set nail varnish 
applied up to 1 mm of the bonded interface. To evaluate interfacial silver precipitation using 
SEM, bonded specimens were permeated with 50% (wt/v) ammoniacal silver nitrate solution 
for 24 hours in the dark. Ammonical silver nitrate was prepared by dissolution of 25 g of 
silver nitrate crystals (Sigma-Aldrich Corp, St Louis, MO, USA) in 25 mL of water. 
Concentrated (28%) ammonium hydroxide (Sigma-Aldrich) was used to titrate the black 
solution until it became clear as ammonium ions complexed the silver into diamine silver 
ions. This solution was diluted to 50 wt% solution with a pH of 9.5.34 After silver staining, 
the specimens were rinsed thoroughly with distilled water and placed in photodeveloping 
solution for 8 hours under fluorescent light.34 The slabs were then wet polished with SiC 
paper of ascending finesse (up to 4000 grit).35 The slabs were immersed in 10% ethylene 
diamine tetraacetic acid solution for 5 seconds, rinsed with water for 3 seconds, and then 
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Figure 4.1 Distribution of fai]ure modes in percentages. (Abbreviations: ND, normal 
dentin; AD, caries-affected dentin; CHX, chlorhexidine) 
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dried for 24 hours.36 Following sputter coating with gold, the interfaces were analyzed with a 
scanning electron microscope (SEM, XL30, Philips, Eindhoven, The Netherlands). Images 
were obtained with backscattered signals. Micrographs were collected at magnifications up to 
2000X. 
Results 
Microshear Bond Strength Results 
The means and standard deviations (SD) from the lSBS test are shown in Table 4.2. Three-
way ANOV A indicated that there were statistically significant differences for pretreatments 
(p <0.001) and aging time (p <0.001) but not for the type of dentin substrate (p >0.05). Also, 
there were significant interactions among the three variables (pretreatment, aging time, and 
dentin type, p=0.02). At 24 hours, one-way ANOV A demonstrated that there was no 
significant difference among the pretreatment groups for ND and AD (p >0.05). For ND 2-
year aged specimens, the 5% CHX group had the highest ISBS mean value followed by the 
2% CHX and control groups; the difference was not statistically significant (p >0.05). For 
AD aged specimens, the 5% CHX group revealed statistically higher bond values compared 
to the 2% CHX and control groups (Bonferroni test, p <0.05). 
Table 4.2 Microshear bond strength results [meao in MPa (SD)] 
24-h 2-years 
ND AD ND AD 
Control 24.33 (5. l)aA 21. 73 (6.0)aA 9.46 (3.4)"8 9.97 (3.5)"8 
2%-CHX 23.79 (5.9)aA 20.84 (6.2)aA 8.74 (3.2)aB 9.99 (3.4?8 
5%-CHX 25.94 (6.4)aA 20.59 (5.l)aA 10.98 (3.3)"8 14.67 (4.5)bA 
Within columns, groups with same lowercase letters are not significantly different (p>0.05); groups with 
same uppercase letters within rows are not significantly different (p >0.05). 
ND, normal dentine; AD, affected-dentine; CHX chlorhexidine 
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Figure 4.2 Representative SEM micrographs of failure modes (400X). (A): Shows mixed 
adhesive at the dentin side and cohesive in the adhesive resin. (B): Shows mixed 
adhesive failure at the dentin sîde and cohesive failure in dentin. (q: Shows mixed all 
(adhesîve at the dentin side and cohesive in adhesive resin and in dentîn). 
(Abbreviations: D, dentin side; A, adhesive resin; CD, cohesive fracture in dentin). 
Regarding the aging time, a significant change in bond strength was recorded between the 2-
year groups (t-test, p <0.05) and the 24-hour groups except for AD groups pretreated with 5% 
CHX (t-test, p >0.05). In all groups, the major mode of failure was adhesive at the dentin 
side, then mixed adhesive at the dentin side, and cohesive in the adhesive. Cohesive failures 
in adhesive resin and in dentin were very few (Figure 4.1). Representative SEM micrographs 
for some modes of failure are presented in Figure 4.2. 
Interfacial Observation Results 
Silver deposits were predominately restricted to the hybrid layer (HL) in both periods 
(Figures 4.3 through 4.5). No evident differences were observed in the silver deposition 
pattem among the 24-hour groups (control, 2% CHX, and 5% CHX) ofboth dentin substrates 
as shown in Figures 4.3 through 4.5, A,B). Limited silver deposition was recorded for ND, 
while no silver deposition was detected for AD. After 2 years, however, there was an increase 
in the intensity and continuity of silver deposition especially in the HL for control (Figure 
4.3C,D) and 2% CHX groups (Figure 4.4C,D). For caries-affected dentin pretreated with 5% 
CHX, there was sporadic silver uptake after 2 years (Figure 4.5D). Undemeath the hybrid 
layer, streak-like silver deposits were observed within the intertubular dentin rather than 
within the dentinal tubules for AD, which is opposite to that detected for ND (Figure 4.6). 
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Figure 4.3 Backscattered SEM micrograph of the interface of normal and caries-
affected dentin bonded with SE Bond (2000X). In 24-hour control groups (A for 1'i'D and 
B for AD) there were very limited silver deposits found at the base of hybrid layer of 
ND and no silver deposits for AD. After 2 years, more intense and continuous silver 
deposits could be detected (white arrow) for both ND (C) and AD (D). (Abbreviations: 
ND, normal dentin; AD, caries-affected dentin; HL, hybrid layer; DT, dentinal tubules; 
A, adhesive layer; R, resin composite). 
Discussion 
In vitro studies examining the durability of bonding are useful, but they are not done under in 
vivo conditions which can result in a discrepancy between the in vivo and the in vitro 
findings. In the present study, the entire evaluation was carried out under simulated IPP, and 
the teeth were immersed in artificial saliva to simulate, to a certain extent, the clinical 
conditions. Dentin wetness and pulpa! pressure are extremely important variables during 
dentin bonding procedures.37 It was expected that seepage of water under pulpa! pressure 
from the dentinal tubules might have a hydrolytic degradation effect that may adversely 
affect the durability of the resin dentin bonding.38 
75 
The results of the present study support the first hypothesis where neither 2% nor 5% 
CHX had a detrimental effect on the 24-hour bond strength of nonna! and caries-affected 
dentin, even when bonding was done under simulated IPP. With regard to 2% CHX, previous 
results support our findings that 2% CHX pretreatment did not adversely affect the bonding 
to ND compared to the control group.27 However, no study has so far evaluated the effect of 
CHX concentrations on the bond strength durability and nanoleakage of resin dentin 
adhesives to caries-affected dentin after aging over 2 years under IPP and in artificial saliva. 
The present study also showed that the 24-hour bond strength of SE Bond to ND and 
AD were similar. This finding corroborates our previous findings29 and those of others.39 The 
comparable finding of the present study and farmer ones, despite the fact that none of these 
previous studies were done under simulated IPP, may be attributed to the mild self-etching 
effect encountered with SE Bond on the smear layer. The smear plugs limited the water 
seepage to the bond interface over such a short period (24 hours).40 
For the effect of CHX on the bond durability of SE Bond to ND, current study 
results suggest partial acceptance of the null hypothesis that neither CHX concentration was 
to preserve long-term bonding. Previous research studies reported controversial results.One 
study showed that 2% CHX was able to preserve the bonding of SE Bond over 6 months.27 
Another study revealed that SE Bond was not able to activate MMP-2 and MMP-9; 
consequently, the CHX pretreatment, with a concentration of 0.05%, was not able to 
preserve the bond of SE Bond over the same 6-month period.41 Such a discrepancy may be 
due to the difference in the CHX concentration tested in both studies. Another important 
issue is that the study by De Munck and others41 tested the activation ability of the SE Bond 
on MMP-2 and MMP-9 only; however, dentin in fact contains MMP-3, MMP-20, and 
MMP-8. The role of MMP-3. MMP-8, and MMP-20 is still unclear. The current study 
results contrast previous research that reported the effectiveness of CHX pretreatment in 
preserving the nonna! dentin bond strength with concentrations lower than 2% which was 
used in the present study. However, the duration of these studies was limited to 6 months.42 
Another study reported that a higher CHX concentration (2%) was more effective than a 
lower CHX concentration (0.2%) in diminishing the bond strength loss over 6 months for 
self-etching adhesive, while for an etch-and-rinse adhesive the difference was not critical.43 
It seems that for a langer time period higher concentrations are required. In the present 
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study, specimens were subjected to both aging conditions including artificial saliva and IPP 
over a long period of time (2 years). Both aging conditions may have a synergistic dilution 
effect on CHX even when used up to 5% concentration. Although it is not clear to which 
extent the MMPs influenced the bond strength, other causes for drop in bond strength, such 
as the resin hydrolysis over time, should not be overlooked. 
Caries-affected dentin has been reported to exhibit increased collagenolytic activity 
when compared to intact normal dentin, which suggests faster bonding deterioration.22,44 
Accordingly, whether SE Bond was able to activate MMPs to a different degree as 
compared to nonna! dentin requires further research. Pretreatment with 2% CHX, similar to 
that reported for ND, did not show an additional benefit in preserving bonding of SE Bond 
to caries-affected dentin over the 2 years of aging compared with the control group, while 
5% CHX revealed a significant effect. Such a finding supports the fact that the substantivity 
of CHX is concentration dependent.45 Previous study findings explained that at a higher 
concentration, the nature of the CHX interaction became reactive rather than adsorptive.45 
The reason behind the difference between nonna! dentin and caries-affected dentin in 
response to 5% CHX pretreatment may be attributed to the porous nature,46 with more 
CHX uptake reported for caries-affected dentin than for nonna! dentin. Dilution of CHX 
due to dentinal tubule fluid was also more likely to occur in nonna! dentin rather than in 
caries-affected dentin as a result of the presence of calcium precipitates within the dentinal 
tubules of the caries-affected dentin.47 Thus, the 5% CHX may serve as a reservoir, 
protecting the denuded collagen fibers from the effect of the MMPs for a Jonger period of 
time than nonna! dentin. At the same time, the lower dentinal tubule permeability in caries-
affected dentin may impair the water hydrolytic effect on the resin. It has been suggested 
that binding of CHX to collagen26 and to calcium42 may decrease the nano-leakage within 
the HL to which silver nitrate can deposit. However, this was not con:firmed with the 
current study findings as the 24-hour groups showed comparable nanoleakage pattems. The 
low initia! silver deposition for SE Bond even under IPP has also been reported by other 
studies.48,49 This was explained due to its mild etching effect, which only modifies the 
smear layer rather than removing it, thus reducing the outward fluid flow. Also, the 
presence of 10-MDP may allow for the fonnation of more intense stable calcium salts with 
residual hydroxyl apatite, which further helps in preventing early nanoleakage. 
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Figure 4.4 Backscattered SEM micrograph of the interface of normal and caries-
affected dentin bonded with SE Bond (2000X). In 24-hour 2% CHX groups (A for ND 
and B for AD) there were very limited silver deposits found at the base of hybrid layer 
of ND and no silver deposits for AD. After 2 years, more intense and continuous silver 
deposits could be detected (white arrows) for both ND (C) and AD (D). (Abbreviations: 
ND, normal dentin; AD, caries-affected dentin; HL, hybrid layer; DT, dentinal tubules; 
A, adhesive layer; R, resin composite; CHX, chlorhexidine), 
Additionally, SE Bond has a separate bonding step utilizing the hydrophobic bonding resin. 
Tuis kind of application design was able to improve the hydrophobicity of the adhesive 
layer.5° For caries-affected dentin, a drastic decrease in the water flux within the tubules is 
expected where the dentinal tubules are fully or partially blocked by mineral crystals.47 This 
may explain the absence of nanoleakage for caries-affected dentin in 24-hour groups, which 
is in agreement with previous studies.51 ,52 
The streak-like deposits in the underly ing caries--affected intertubular dentin as 
opposed to within the dentinal tubules may be due to the increased porosity of intertubular 
dentin in AD compared with the intertubular dentin in ND46 and the occlusion of the dentinal 
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Figure 4.5 Backscattered SEM micrograph of the interface of normal and caries-
affected dentin bonded with SE Bond (2000X). In 24-hour 5% CHX groups (A for ND 
and B for AD), there were very limited silver deposits found at the base of the hybrid 
layer of ND along the dentinal tubules and no silver deposits for AD. After 2 years, 
more intense hut less continuous silver deposits, compared to control and 2% CHX 
groups, could be detected (white arrow) for both ND (C) and AD (D). (Abbreviations: 
ND, normal dentin; AD, caries-affected dentin; HL, hybrid layer; DT, dentinal tubules; 
A, adhesive layer; R, resin composite; CHX, chlorhexidine). 
tubules with mineral deposits.47 The increase in silver deposition after 2 years of aging may 
be due to residual smear layer not being completely waterproof to prevent water seepage 
from the underlying dentin, even at a slow rate. 
Although different nanoleakage pattems were observed for the 24-hour groups 
compared to the 2-year groups, failure modes did not differ among all groups. Such findings 
corroborate those of others36•53 who tested the same adhesive. This supports the findings of 
others who reported no correlation between low bond strength and the increase in 
nanoleakage, indicating that silver stains were not always the site for generating crack 
initiation and propagation during bond testing.54 
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Figure 4.6 Backscattered SEM micrograph of normal and caries-affected dentin 
(2000X). In normal dentin silver deposits were limited to dentinal tubules, while for 
caries-affected dentin silver deposits were found in the intertubular dentin (ID). 
(Abbreviations: ND, normal dentin; AD, caries-affected dentin; DT, dentinal tubules; 
ID, intertubular dentin). 
One of the reported concerns with the usage of CHX for dentin pretreatrnent is its 
toxicity. It has been reported that a concentration of 0.002% is not toxic to human periodontal 
ce11s55 or to odontoblastic cells.56 However, it is not yet known what concentration of CHX 
should be initially applied in order to reach this concentration (0.002%) at the pulp after the 
dilution effect of the dentinal tubule fluid through different dentin thicknesses perrneated 
under IPP. This requires further investigation. 
An interesting aspect in the present study is that even 5% CHX pretreatment and 
application of a relatively hydrophobic monomer were not able to completely resist the 
synergistic effect of extrinsic dentin wetness due to an exposed margin to artificial saliva and 
intrinsic wetness due to IPP over the long term (2 years). This emphasizes the fact that bond 
durability depends on both the resistance of adhesive resin and uncovered collagen fibers to 
degradation over time.27 This also calls for the need to modify the adhesive monomers or 
innovation of new versions that are more resistant to hydrolytic degradation and are able to 
directly deactivate the MMPs. 
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Conclusions 
1) 2% CHX and 5% CHX do not alter the 24-hour bond strength to either normal or caries-
affected dentin under simulated IPP. 
2) 2% CHX was not able to maintain the bond strength either to normal dentin or to caries-
affected dentin over 2 years of aging. 
3) 5% CHX was able to decelerate the regression in bond strength to caries-affected dentin 
over time. 
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Chapter 5 
Effect of ultrasound application during setting on the mechanical 
properties of high viscous glass-ionomers used for ART 
restorations 
This chapter has been published as Daifalla LE, Mobarak EH. Effect of ultrasound 
application during setting on the mechanica! properties of high viscous glass-ionomers 
used for ART restorations. J Adv Res 2015;6:805-810. 
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Abstract 
This study was conducted to evaluate the effect of ultrasound application on the surface 
microhardness (VHN) and diametral tensile strength (DTS) of three high viscous glass-
ionomer restorative materials (HVGIRMs). For each test (VHN and DTS), a total of 180 
specimens were prepared from three HVGIRMs (Ketac-Molar Aplicap, Fuji IX GP Past, 
and ChemFil Rock). Specimens of each material (n = 60) were further subdivided into 
three subgroups (n = 20) according to the setting modality whether ultrasound (20 or 40 s) 
was applied during setting or not ( contra!). Specimens within each subgroup were then 
equally divided (n = 10) and tested at 24 h or 28 days. For the VHN measurement, five 
indentations, with a 200 g load and a dweil time for 20 s, were made on the top surface of 
each specimen. The DTS test was done using Lloyd Testing machine at a cross-head speed 
of 0.5 mm/min. Ultrasound application had no significant effect on the VHN. Fuji IX GP 
Fast revealed the highest VHN value, followed by Ketac-Molar Aplicap, and the least was 
recorded for ChemFil Rock. Puji IX GP Past and Ketac-Molar Aplicap VHN values were 
significantly increased by time. ChemPil Rock recorded the highest DTS value at 24 h and 
was the only material that showed significant improvement with both US application 
times. However, this improvement did not sustain till 28 days. The ultrasound did not 
enhance the surface microhardness, but its positive effect on the diametral tensile strength 
values was material and time dependent. 
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Material insertion 
All glass-ionomer capsules of the tested materials were acti-vated and mixed mechanically by 
an amalgamator (Linea Tec.S.R.L, Montegrosso, Italy) according to the manufacturer's 
instructions. Thus, Ketac-Molar Aplicap and Fuji IX GP Fast GIRMs were mixed for 10 s 
with the exception of ChemFil Rock which was mixed for 15 s. Immediately after mixing; the 
paste was injected into the split Teflon mold until being slightly overfilled. Two polyester 
strips were used to cover both sides of the mold. A microscope glass slide was hand pressed 
against the top of the mold to completely pack the material into the mold and to obtain flat 
and smooth surface. 
Specimen grouping 
A total of 360 specimens were prepared. The specimens were divided into three groups (n = 
120), according to the type of HVGIRMs used. Specimens of each group were further allo-
cated into three subgroups (n = 40) according to different setting modalities; either control 
(standard setting method) or command set with US applcation for 20 or 40 s. Specimens of 
each subgroup were further subdivided into two classes (n = 20) according to the time of 
testing (24 h and 28 days). Half of the specimens within each class were subjected to surface 
microhardness measurement and for the other half diametral tensile strength testing was 
performed. 
Table 5.1 Material brand names/manufacturers, compositions and lot numbers oftested 
glass-ionomer restorative materials. 
Material brand 
names/manufacturers Composition Lot number 
Ketac-Molar Aplicap 
(3M ESPE, Seefeld 
Germany) Powder: Alumino-fluoro-silicate glass, 404500 
Liquid: polycarboxylic acid, tartaric acid and 
water 
Fuji IX GP Fast (GC 
Company, Tokyo, Japan) Powder: Alumino-fluoro-silicate glass, 1008091 
Liquid: polycarboxylic acid, tartaric acid and 
water 
ChemFil Rock 
(Dentsply, Konstanz, Powder: Calcium-aluminum-zinc-fluoro-
Germany) phosphor-silicate glass, 1105001122 
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Preparation of control group specimens (standard setting) 
For the control group, specimens were allowed to set under load application of 150 g to 
ensure an equal pressure was applied for all specimens. Specimens were then incubated at 37 
LC for 15 min [16]. Then, specimens were unloaded and left for another one hour under the 
same conditions [17]. Afterward, specimens were separated from the molds and fine flashes 
were removed with caution [16]. The specimens were checked with a magnifying lens (10·, 
Wellpromo.com, magnifying lens, China) for any cracks or air bubbles. Specimens with 
visible defects were discarded. The specimens' correct dimensions were verified using a 
digital caliber to an accuracy of 0.01 mm [13] and weighed using a sensitive balance (Kern 
Precision Balance, Avon Corporation Ltd., India). Each specimen was then stored in a plastic 
test tube containing 5 ml of de-ionized water, labeled and incubated at 37 LC. 
Preparation of the specimens subjected to ultrasound application during setting 
The specimens were left after mixing for 40 s before US application [18]. The US application 
was done either for 20 or 40 s using a dental scaler (Ultrasonic Scaler (DTE-D5), Guilin, 
China) with a B-tip instrument [4] at a frequency ranging from 25 to 30 kHz [5]. A specially 
designed holder was fabricated to enable the B-tip instrument to have a uniform equal contact 
with the top surface of all test specimens (Fig. 2). Water cooling was not applied during 
ultrasonic application to avoid interference with the setting reaction [19]. Then, the 
specimens were handled in the same way as the specimens of the control group until being 
tested. 
Surface microhardness measurement 
VHN measurements were taken using a digital microhardness tester (Model HVS-50, 
Laizhou Huayin Testing Instrument Co., Ltd., Laizhou, Shandong, China) and a 200 g load 
was applied for a dweil time of 20 s [Il]. Five indentations were performed on the top 
surface of each specimen [20]. The mean VHN of the five readings of each specimen as well 
as the over all mean VHN for each subgroup was then calculated [20]. 
Diametral tensile strength measurement 
Specimens were compressed diametrically until fracture using the universa! testing machine 
(Lloyd instruments Ltd., Ametek Company, West Sussex, UK) at a cross-head speed of 0.5 
mm/min. The diametral tensile strength, T was calculated in MPa using the following 
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formula: T = 2P/pdl where P is the maximum load applied (Newton), d is the measured mean 
diameter of the specimen (mm) and 1 is the measured length of the specimen (mm) [13]. 
Statistica[ analysis 
Data were statistically described in terms of mean and standard deviation. Multi-way analysis 
of variance (ANOV A) was done to test the effect of the setting modality, material type and 
testing time or their interactions on microhardness as well as diametral tensile strength tests. 
For each test, One-way ANOV A was done to compare the different materials with each 
setting modality and testing time. Bonferroni post hoc test was used for pairwise comparisons 
when indicated. Student's t test was used to compare the two testing times with each material 
type and setting modality. P values less than 0.05 was considered statistically significant. All 
statistica! calculations were done using computer programs SPSS (Statistica! Package for the 
Social Science; SPSS Ine., Chicago, IL, USA) version 15 for Microsoft Windows. 
Results 
The mean (standard deviation) ofVHN and DTS values of the three HVGIRMs subjected to 
different setting modalities and tested at 24 hand 28 days are presented in Table 5.2. For the 
microhardness test, the Multi-way ANOVA revealed significant effects for the material type 
(P = 0.02) and the testing time (P < 0.01) and not for the setting modality (P = 0.05). The 
interactions between these variables were not significant except the interaction between the 
material type and testing time was significant (P < 0.01). One-way ANOVA test revealed a 
significant difference among the tested materials with all setting modalities. Bonferroni post 
hoc test showed that Fuji IX GP Fast had the highest VHN value, followed by Ketac-Molar 
Aplicap while ChemFil Rock carne with the least value. The t-test showed that Fuji IX GP 
Fast and Ketac-Molar Aplicap had a significant increase in their VHN values at 28 days 
while there was no significant increase in the hardness ofChemFil Rock by time (Table 5.2). 
Regarding the DTS, the Multi-way ANOV A showed that the setting modality, 
material type and the testing time had a significant effect (P < 0.01, P < 0.001 and P < 0.001, 
respectively). Setting modality and material type (P = 0.24) as well as setting modality and 
testing time interactions (P = 0.27) were not significant. However, the material type and the 
testing time interaction had a significant effect (P = 0.001). Interaction among all the tested 
variables (setting modality, material type and testing time) was significant (P = 0.02). For the 
US application, at 24 h testing time, the DTS ofChem-Fil Rock significantly improved with 
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both US application times (20 and 40 s) while at 28 days testing time this improvement was 
not sustained. The One-way ANOV A test revealed asignificant difference among the tested 
materials with all setting modalities at 24 h but not at 28 days. ChemFil Rock recorded the 
highest DTS value, followed by Fuji IX GP Fast and the least was for Ketac-Molar Aplicap 
(Table 5.2). 
Discussion 
Based on the results of the current study, the first null hypothesis that the US application does 
not improve the surface microhardness and the diametral tensile strength properties of any of 
the tested HVGIRMs at the two testing times, was partially accepted. Ultrasound application 
did not improve the surface microhardness at the two testing times. However, it had a 
positive effect on the diametral tensile strength values and this effect was material and time 
dependant. Based on these findings, US application cannot be recommended as a routine 
treatment for ART restorations. Moreover, researchers [21,22] reported conflicting results 
about the effect of US application on the adaptation of the glass ionomer restorations. The 
results of the current study revealed that the material type and the testing time had significant 
effects on the recorded VHN and DTS values, thus the second and third null hypotheses 
should be rejected. 
This study was the first to test the mechanica! properties for ChemFil Rock HVGIRM, 
which was claimed by the manufacturer to behave better with ART restorations in stress 
hearing areas, when it was subjected to US application. Previous studies supported the 
positive effect of the 40-55 s ultrasound application [23] on hardness [4] and compressive 
strength [6] as well as on fluoride release ofHVGIRMs [24]. On the other hand, the positive 
effect of 55 s US application on fluoride release was referred to surface dissociation or de-
clustering of parti cl es which did not only render the surface more reactive but also could have 
a negative effect on the resistance of the surface to degradation. Though this risk, the 
enhancement of fluoride release could be considered positive in case of using the glass 
ionomer as a caries control restoration. Nevertheless, this version of highly viscous glass 
ionomer including the newly introduced ChemFil Rock is indicated for ART restorations in 
stress hearing areas. Therefore in this study, the two US application times were chosen to test 
whether better hardness and diametral tensile strength could be achieved withoutjeopardizing 
the surface layer quality that could accompany fluoride release enhancement. 
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Table 5.2 The meao (standard deviation) surface microhardness (VHN) and diametral 
tensile strength (MPa) of the three tested high viscous glass-ionomer restorative 
materials as a function of setting modalities (ultrasonic application for 20 (20 U) or 40 
(40 U) seconds or not (control) during setting) and testing times (24 h and 28 days), 
n=lO 
Setting modalities and Testing times 
Tested Control 200 400 
HVGIRMs P* P* P* 
Test 24 28 value 24 28 value 24 28 value 
hours days hours days hours days 
Ketac- 77.6 87.8 76.1 90.7 73.0 87.0 
- <0.001 0.001 <0.001 ;z Molar (1.2)a (l.3)a (2.5)a (3. 7)a (l .9)a [ Aplicap (0.9)a 
.... 
"' ChemFil 58.5 58.7 58.5 61.4 55.8 56.3 ~ 0.718 0.239 ., 
Rock (0.9)b (0.8)b (1.7)b (4. l)b (l.8)b (1.8)b 0.698 
"' ... 
= 
"Cl 
.. Fuji IX GP 85.7 98.4 84.9 99.9 85.3 100.3 .. 0.020 <0.001 <0.001 
= Fast (3.3)c (7.9)c (l.3)c (2.3)c (l.7)c (2.4)c 
"' 
· ... 
... P**value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 ~ 
" > 
Ketac- 11.0 10.8 12.7 12.6 12.6 10.4 ~ 0.907 0.936 0.143 è, Molar (5.2)a (3.5) (2.8)a (3.6) (3.5)a (3.3) Aplicap 
... 
"' ~ ChemFil 14.5 11.2 21.9 11.8 18.6 14.4 
-= 0.167 <0.001 0.040 ä Rock (3.4)b+ (4.3) (3.9)b++ (4.0) (6.l)b++ (0.2) 
= .. 
.!:: 
r:LJ FujilX GP 12.6 9.7 14.2 12.7 13.6 12.9 ~ 0.047 0.356 0.656 
·;;; Fast (3.0)c (3.3) (3.4)c (4.0) (4.4)c (3.1) 
= ... 
E-
ëii 
.!:: 
... P**value 0.033 0.645 <0.001 0.827 0.013 0.045 
= .. 
ö 
Numbers in brackets are standard deviation. ** One-way ANOVA and Post-hoc Bonferroni. * t-test. 
Different small letters indicate statistica! significant dijference. Values with + and++ superscripts 
are statistically significantly different (Bonferroni test, P< 0. 05). 
Our results reflected that the surface microhardness recorded by Fuji IX GP Fast surpassed 
those for Ketac-Molar Aplicap and the lowest value was recorded for ChemFil Rock. 
V ariations in the microhardness of different GIRMs were explained based on the maturity 
state of every material and its setting reaction [25-29]. Preliminary studies [5-8,30] 
suggested that adding kinetic energy from the ultrasonic device to the material can enhance 
the rate of setting reaction due to the increase in temperature. The US may also contribute to 
acceleration of the reaction by de-clustering glass particles and enhancing the diffusion of the 
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reaction components. Moreover, it may offer a reduction in porosities or may result in a 
closer packing of particles [19]. On the other hand, it can be expected that the increase in 
viscosity due to the progression in the formation of the poly-carboxylate network can steadily 
reduce the rate of further reaction. Also, US application could cause a temperature rise with 
subsequent liquid evaporation from the surface layer which may compromise the optimum 
glass powder to aqueous acidic ratio and affect the extent of coordination and chelation of 
bonded glass networks [4]. These speculations may clarify the lack of improvement in 
surface microhardness induced by US application during setting of HVGIRMs in the present 
study. Previous work [4] showed that US application caused an improvement in the 
microhardness ofKetac-Molar HVGIRM at 0.5 h after setting hut not later (4 hand 1 week). 
Regarding the DTS, at 24 h, there was a significant difference among the tested 
HVGIRMs where ChemFil Rock revealed the highest value. The mechanica! resistance of 
GIR-Ms was reported to be conditioned by numerous factors such as the chemica! 
composition, glass structure [31], nature, concentration [32] and molecular weight of 
polycarboxylic acid [33], and the proportion of powder/liquid [26]. Filler composition and 
particle size have also a significant influence on the mechanica! properties [34]. At the same 
time, the current study showed that, the 24-h diametral tensile strength of ChemFil Rock was 
influenced by US application during setting. This could reflect that the applied energy to the 
surface has been transmitted throughout the material bulk despite that the GIRMs are good 
insulators and exhibita similar thermal diffusivity to dentin [35]. It seems that compositional 
differences are also involved in making the US application effective. Some work showed that 
the type ofpolyacrylic acid and the percentage oftartaric acid can influence the response of 
the GIRMs to US application [7]. ChemFil Rock contains zine in the glass powders as well as 
bas a novel acrylic acid copolymer with increased molecular weight. Bath modifications are 
expected to enhance the setting reaction and to modify the formed matrix. ChemFil Rock 
contains also itaconic acid that has been reported to increase the DTS [36]. This may clarify 
the significant increase in the DTS of ChemFil Rock when subjected to US application and 
not in that of other tested materials. 
As for the effect of time, our findings demonstrated a significant increase in the 
surface microhardness of Fuji IX GP Fast and Ketac-Molar Aplicap after storage. The 
increase in surface hardness of the glass ionomer by time was recorded in previous in vitro 
[4,11-13] and in vivo [37] studies. Change in hardness by time may reflect the progression in 
the setting reaction [25,29] where further ionic cross-linking formation occurs [38]. 
Meanwhile, there was stability in surface microhardness of ChemFil Rock over time. This 
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could be attributed to the zine modified filler particles that allowed fast setting reaction, thus 
less reactive ions were available for further maturation to take place. Despite there was an 
increase in surface microhardness by time, the DTS values of Fuji IX GP Fast and Ketac-
Molar Aplicap were not affected by time. The Jack of time effect on the DTS of HVGIRM 
was also recorded by others [13,16]. On the other hand, the recorded high DTS ofChemFil 
Rock at 24 h did not sustain till 28 days. Over the past decade, the metal reinforced GIRMs 
have been introduced where the reinforcing effects of metal additives were subject of much 
controversy [14,39]. ChemFil Rock, a zine filler modified HVGIRM, may suffer from 
compositional heterogeneity that rendered it more sensitive. This may explain why this 
material behaved like the metal reinforced materials for being not harder or more durable. 
Based on the Chemfil Rock results, it seems that it would not behave better than the other 
available high viscous glass ionomer materials when used as ART restorations. A clinical 
trial is required to be conducted to validate the obtained in vitro findings. Thus, present study 
findings could support the assumption that the modification in the chemistry of the powder 
and the change in the fillers composition are crucial for mechanica! properties improvement. 
Conclusions 
The ultrasound did not enhance the surface microhardness, hut its positive effect on the 
diametral tensile strength values was material and time dependent. 
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Chapter 6 
Microshear Bond Strength of High-Viscosity Glass-Ionomer to 
Normal and Caries-Affected Dentin Under Simulated 
Intrapulpal Pressure 
This chapter has been published as: Mobarak EH, El Deeb H. Microshear Bond Strength of 
High-Viscosity Glass-Ionomer to Nonna! and Caries-Affected Dentin Under Simulated 
Intrapulpal Pressure. Oper Dent 2018; accepted 
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SUMMARY 
Objectives: The use of high-viscosity glass-ionomer cements (HVGICs) for atraumatic 
restorative treatment (ART) restorations is widely practiced with the advent of various 
HVGICs. However, the bonding of the latter to caries-affected dentin (CAD) should be 
validated, especially because it is the common substrate left after conservative caries removal 
following the ART approach. Hence, this study was carried out to evaluate the microshear 
bond strength (µSBS) of three HVGICs to normal dentin (ND) and CAD under intrapulpal 
pressure (IPP) simulation. 
Methods and Materials: The occlusal enamel of 90 molars with mid-coronal caries was cut to 
expose flat dentin surfaces containing both ND and CAD. Dentin substrates (ND and CAD) 
were differentiated using visual, tactile, caries-detecting dye, and dye-permeability methods. 
Prepared crown segments were equally divided (n=30) according to the tested HVGICs into 
GC Fuji IX GP Fast, Fuji IX GP containing chlorhexidine, and zinc-reinforced ChemFil Rock 
HVGIC. Microcylinders oftested HVGICs were built up on both dentin substrates (n=30 for 
each tested HVGIC per each substrate) using starch tubes while the specimens were subjected 
to simulated IPP of 15 mm Hg. The µSBS test was conducted using a universa! testing 
machine, and failure modes were determined using a scanning electron microscope. Data 
were statistically analyzed using two-way analysis of variance (ANOV A) with repeated 
measures, one-way ANOV A, and Bonferroni post hoc tests (p:s,0.05). 
Results: For both dentin substrates (ND and CAD), the µSBS values of ChemFil Rock were 
significantly higher than those recorded for the other HVGICs. The µSBS values of each 
tested HVGIC to ND and CAD were not statistically different. Failure modes were mainly 
mixed. 
Conclusions: Zinc-reinforced HVGIC ChemFil Rock showed superior bonding to ND and 
CAD compared to the GC Fuji IX GP Fast and Fuji IX with chlorhexidine. However, each of 
the tested HVGICs showed comparable bonding to both dentin substrates (ND and CAD). 
100 
Introduction 
After more than 20 years of scientific studies, the atraumatic restorative treatment (ART) 
approach has become a comerstone in global oral health. 1 ART involves the removal of soft 
completely demineralized carious tooth tissues with hand instruments, leaving hard, 
discolored caries-affected dentin (CAD), followed by the restoration of the cavity with an 
adhesive dental material that simultaneously seals the remaining caries-risk pits and fissures. 
Because of their biocompatibility, adhesive potential to tooth structure, compatibility of their 
coefficient of thermal expansion with that of the tooth structure, and the potential for fluoride 
releasing and recharging, glass-ionomer cements (GICs) are considered "smart" restorative 
materials to be used with ART. Despite of these outstanding advantages, GICs still suffer 
from shortcomings, such as early weakening of strength properties compared to resin 
composites, Jack of command set, and moisture sensitivity.2 Therefore, improvements were 
needed to overcome the above-stated drawbacks.3 
Attempts to enhance the mechanica] properties of GICs by increasing the 
powder/liquid ratios4 carne up with newer brands of HVGICs that were recommended for use 
with ART. Meta-analytic studies proved that HVGICs can be used with remarkable success 
in single-surface cavities; however, it fails to be routinely used in multiple-surface cavities in 
posterior teeth.5-7 
Additionally, the properties of these materials can be strengthened via alteration of the 
glass powder composition, thus increasing the hydrolytic stability as we11 as the reactivity. 
Furthermore, the use of multi component fluorophosphoaluminosilicate glasses supplemented 
with zine oxide particles could improve the setting reactivity and thus the material 
properties. 3•8 
From another aspect, researchers tried to gain a therapeutic benefit from the HVGICs 
through incorporating antibacterial agents, such as chlorhexidine (CHX), with glass-ionomer 
materials. Achieving the optima] amount of concomitant antibacterial agent without 
jeopardizing the basic properties of the parent materials was indeed a prime challenge. So far, 
various studies9-11 have been conducted on the physical and mechanica! properties of the 
recent types of HVGICs. Nevertheless, to date, limited studies have been focused on the 
bonding performance of these newer materials. 
Using caries-free substrates to investigate restorative material bonding does not fully 
reproduce the clinical situation, where the remaining substrate after caries removal includes 
CAD and normal non--caries affected dentin (ND).5 Notably, there is no published literature 
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that deals with the bond strength of the recently introduced HVGICs to the naturally 
occurring CAD substrate while intrapulpal pressure (IPP) is simulated. Therefore, this study 
was carried out to test the µSBS ofHVGICs to ND and CAD under IPP simulation. 
The null hypotheses were 1) that there is no difference in the µSBS among the 
different HVGICs and 2) that there is no difference between µSBS values of any of the 
tested HVGIC to both dentin substrates: ND and CAD. 
Methods and materials 
Specimen Preparation 
Carious lower posterior molars were collected for the present study. From these, a total of 90 
molars having occlusal caries with moderate involvement in dentin, classified according to 
Mount's classification as [site (1) and size (2) = 1.2] and according to ICDAS II 
classification (0.5), were used. Teeth were collected according to the research ethical 
committee guidelines. 
The collected teeth were stored in phosphate-buffered saline containing 0.2% sodium 
azide at 4°C fora couple ofweeks, during which time they were used. 12 To expose flat dentin 
surfaces with ND and CAD, the occlusal enamel was trimmed perpendicularly to the long 
axis of each tooth using a slow-speed diamond-saw sectioning machine (Buehler Isomet, 
Lake Bluff, IL, USA) under water coolant. Ground dentin surfaces showing any signs of 
early exposure or cracks were not included in this study. To expose the pulp chamber, 
another cut was made parallel to the occlusal surface 2 mm apical to the cemento-enamel 
junction. The remnants of pulp tissue were removed from the pulp chamber using a discoid 
excavator (Carl Martin GmbH, Solingen, Germany) without touching its walls. 13 Each crown 
segment was mounted on a polymethacrylate plate containing a 19-gauge needle in the center 
using cyanoacrylate adhesive (Rocket Heavy, Dental Ventures of America, Corona, CA, 
USA) and subsequently embedded in a chemically cured polyester resin (Polyester polyester 
#2121, Etemal Chemica) CO, Ltd, Hsien, Taiwan) up to the level of the cemento-enamel 
junction.13 
CAD Identification 
Different dentin substrates were detected with the aid ofvisual and tactile methods. To allow 
precise identification between ND and CAD, caries-detecting dye14 and the dye permeability 
tests15 were used. Red caries detector dye (Seek, Ultradent, South Jordan, UT, USA) was 
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flooded on the flat dentin surface for 10 seconds, rinsed for five seconds, and then air-dried 
thoroughly for five seconds. Three different colors were revealed after drying: <lark red 
denoting caries-infected dentin, pink color denoting CAD, and yellow color considered as 
normal ND. Partial removal of <lark red-stained caries-infected dentin was carried out using a 
sharp spoon excavator (KLS Martin, Jacksonville, FL, USA). In the dye penneability test, 15 a 
19-gauge stainless-steel butterfly needle was centrally fitted to the polymethacrylate plate and 
cemented to the prepared crown segment, and 10% methylene blue was penneated into the 
tooth through the pulp chamber under pressure. The selective staining ofND with methylene 
blue was attributed to the decline in the penneability of CAD compared to ND due to the 
presence of peritubular and intertubular crystal formation into the dentinal tubules. Therefore, 
the ND was stained blue, whereas the CAD was stained pale pink. The dentin surface was 
flattened using a rotary grinding machine and hand polished using 600-grit silicon carbide 
paper (MicroCut, 8 inch, Buehler) for 10 seconds to produce a standardized smear layer. 15 
Restorative Procedures 
The crown segments (n=90) with ND and CAD were divided equally (n=30) according to the 
type of the tested HVGICs: GC Fuji IX GP Fast HVGIC (GC Corporation, Tokyo, Japan), 
Fuji IX GP GIC containing chlorhexidine (GC Corporation), and ChemFil Rock zinc-
reinforced HVGIC (Dentsply De-Trey GmbH, Konstanz, Germany). Table 6.1 shows 
materials, batch numbers, manufacturers, and chemica! compositions. All the specimens were 
connected to the IPP assembly under 20 mm Hg 30 minutes before and during HVGIC 
application. The tested HVGICs were applied according to the manufacturers' 
recommendations. 
For the application of Fuji IX GP HVGIC (with and without chlorhexidine), the 
prepared dentin surface was conditioned with GC dentin conditioner (GC Corporation) for 10 
seconds, rinsed thoroughly with distilled water, and blot dried. ChemFil Rock zinc-reinforced 
HVGIC was applied as per the manufacturer's instructions without surface conditioning. 
The Fuji IX GP HVGIC (containing CHX) was mixed according to the 
manufacturer's instructions as follows; 1 scoop (3.6 g) of powder + 1 drop (1 g) of liquid 
(powder/liquid ratio=l:l) were mixed manually until obtaining a homogeneous consistency. 
The GC Fuji IX GP Fast and ChemFil Rock capsules were activated and immediately mixed 
for 10 and 15 seconds, respectively, using an amalgamator (CapMix, Capsule mixing device, 
3M ESPE, Seefeld, Germany) . 
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Table 6.1 Materials, Batch Numbers, Manufacturers, and Chemica} Compositions of 
the Tested High-Viscosity Glass-Ionomer Cements 
Material/Batch Number 
GC Fuji IX GP Fast 
(Radiopaque posterior glass-
ionomer restorative cement in 
capsules) (0804141) 
Manufacturer Composition 
GC Corp (Tokyo, Powder 0.40 g/liquid 0.11 g (0.09 
Japan) mL) per capsule 
Alumino-fluoro-silicate glass, 
polyacrylic acid, distilled water, 
polybasic carboxylic acid 
Fuji IX GP containing GC Corp Powder: 
glass to 
diacetate 
alumino-fluoro-silicate 
which 1 % chlorhexidine chlorhexidine HVGIC 
(Radiopaque posterior glass-
ionomer trial restorative cement 
in powder/liquid) 
Steinheim, 
incorporated 
(Sigma Aldrich, 
Germany) was 
Liquid: polyacrylic acid, distilled 
water, polybasic carboxylic acid 
ChemFil Rock ( advanced glass- Dentsply De-Trey Predosed mixing capsule with a 
ionomer restorative material) GmbH (Konstanz, minimal dispensable amount of 0.1 
(K79200030-03) Germany) mL (280 mg). 
Dentin Conditioner (GC) 
(280739GC) 
GC Corp 
Calcium-aluminum-zinc-fluoro-
phosphor-silicate glass, 
polycarboxylic acid, iron oxide 
pigments, titanium dioxide 
pigments, tartaric acid, itaconic 
acid, water 
20% polyacrylic 
aluminum chloride 
component 
acid; 3% 
hexahydrate 
Starch tubes (pasta ZARA, Brescia, Italy) of 0.96-mm intemal diameter were cut to 1-mm 
height to be used to build up the HVGIC microcylinders on different dentin substrates.16 
A periodontal probe (Primadent International, Frankfurt, Germany) was used to 
condense the glass ionomer into the starch tubes. For each crown segment, two of the filled 
starch tubes were applied, one for each dentin substrate (ND and CAD) with slight finger 
pressure (n=30 for each tested HVGIC per each substrate). Microcylinders were coated with 
petroleum jelly from their top surfaces and left to set in an incubator at 37°C and a relative 
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humidity of 100% for one hour. After the glass ionomer set, specimens were immersed in 
artificial saliva17 at 37°C for four hours to soften the starch tubes. The dissolved starch tubes 
were carefully removed using a lancet (No. 11, Wuxi Xinda Medica! Device Co, Wuxi, 
Jiangsu, China) leaving the HVGIC microcylinders bonded to the dentin substrates. Glass-
ionomer microcylinders with interfacial gaps, bubble inclusions, or other defects were 
discarded and replaced. The specimens were then stored in artificial saliva at 37°C while the 
IPP was maintained for 24 hours in a specially constructed large incubator before testing. 
Microshear Bond Strengt!, Testing 
A specially designed attachment jig was constructed to hold the specimens to the testing 
machine. 15 Each specimen with its bonded glass-ionomer microcylinders was secured with 
four tightening balts to the lower part of the specially designed attachment jig. The 
attachmentjig was in turn screwed into the lower fixed and the upper movable compartments 
of the testing machine (Model LRX-plus, Lloyd Instruments Ltd, Ferham, UK) with a 5 KN 
load cell. A wire loop prepared from an orthodontie stainless-steel ligature wire 180 µm 
(G&H Orthodontics, 2165 Earlywood Drive, Franklin, IN 4613 USA) was wrapped around 
the bonded microcylinder as close as possible to its base and touching the tooth surface. A 
tensile load was applied at a crosshead speed of 0.5 mm/min. Data were recorded using 
computer software (Nexygen-MT, Lloyd lnstruments). 
The microshear bond strength value was calculated through dividing the load at 
failure by the bonding area to express the bond strength in MPa according to the following 
equation: S = Phr.r2, where S = microshear bond strength (in MPa), P = load at failure (in 
newtons), ,r = 3.14, and r = radius of composite microcylinder (in mm). 
Statistica/ Analysis 
Data were statistically described in terms of mean ± standard deviation. In the present study, 
the bond strengths to different dentin substrates were considered as the dependent variables, 
while the HVGICs were the independent variables. Nonna\ distribution of the data was 
verified with the Kolmogorov-Smimov test. The data were found to be normally distributed, 
and there was homogeneity ofvariance among the groups. Thus, the statistica! evaluation was 
performed using parametric tests. Two-way analysis of variance (ANOV A) was used to 
determine the effect of dentin substrates and the HVGICs. It was also used to detect any 
significant interactions between these two variables. One-way ANOV A was employed to 
indicate the significant difference among the µSBS values of the tested HVGICs bonded to 
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ND or CAD. The Bonferroni test was used for pairwise comparisons. The significance level 
was set at a = 0.05. To compare the µSBS values of each HVGIC to ND and CAD, Student t-
test was used. All statistica! calculations were performed using SPSS (Statistica! Package for 
the Social Sciences, SPSS Ine, Chicago, IL, USA) version 15 for Microsoft Windows. 
Failure Mode Analysis 
After measuring the bond strength, each fractured specimen was inspected using an 
environmental scanning electron microscope (Quanta 200, FEI Company, Philips, 
Eindhoven" Netherlands) at 25 KV to determine its mode of failure. The failure mode was 
allocated into the following types: 
Type I: Adhesive failure (failure at the interface between dentin and HVGIC) 
Type II: Cohesive failure (failure in the HVGIC material) 
Type III: Mixed failure (involving both adhesive and cohesive failures) 
Representative photomicrographs of each type of failure were captured at various 
magnifications. 
The mean and standard deviation for each experimental group are listed in Table 6.2. 
Two-way ANOVA showed a significant effect for the tested materials (p<0.001) but not for 
the dentin substrates (p=0.150) and their interactions (p=0.757). Based on this, the first nul! 
hypothesis was rejected, while the second null hypothesis failed to be rejected. 
Results 
For each dentin substrate (ND or CAD), one-way ANOV A revealed a significant 
difference among the three HVGIC values (p>0.0001). ChernFil Rock, a zinc-reinforced 
HVGIC, recorded significantly higher µSBS values than GC Fuji IX GP Fast and Fuji IX GP 
containing chlorhexidine, which were not statistically different from each other (Table 6.2). 
Despite that, each tested HVGIC type recorded higher mean µSBS values when bonded to 
CAD rather than those values when bonded to ND; t-test revealed no statistically significant 
differences between them (Table 6.2). 
Regarding the failure modes, the tested HVGICs bonded to ND and CAD showed 
predominantly mixed failure (adhesive at dentin side/cohesive in glass ionomer). Figure 6.1 
shows the percentages of the recorded failure modes. Representative SEM micrographs for 
some failure modes of tested specimens bonded to either ND or CAD are presented in Figure 
6.2. 
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Table 6.2 Microshear Bond Strength µSBS Values (Mean [SD)) in MPa of the Tested 
High-Viscosity Glass-Ionomer Restorative Materials (HVGICs)a 
Dentin HVGICs 
Substrates GC Fuji IX GP Fuji IX GP- ChemFil Rock p-
Fast CHX Value 
ND 6.59(2.8) aA 6.95(2.9) aA 10.51(3.9) aB <0.0001 
(Ptfltnt=0/30) (Ptfltnt=0/30) (Ptf/tnt=0/30) 
CAD 7.56(3.1) aA 7.27(3.2) aA 11.01(3.2) aB <0.0001 
(Ptf/tnt=0/30) (Ptf/tnt=0/30) (Ptf/tnt=0/30) 
p-value 0.20 0.69 0.59 
Different capita/ letters denote significant differences within rows, whereas different small letters 
denote significant differences within a column/or each HVGIC. 
Abbreviations: CHX, chlorhexidine; ND, normal dentin; CAD, caries-ajfected dentin; Ptfltnt, pretest 
failuresltotal number of tested microcylinders. 
Caries-affected dentin 
Normal dentin 
Caries-affected dentin 
Normal dentin 
Caries-affected dentin 
Normal dentin 
()ll/(1 l0% 20°/o J0•Yo -10% 50% 60% 70U/o 80'1/u 90% UNI% 
■ Adhc~in: failurc at the 
dentin interface 
Cohesin failure in glas!ii-
ionomer rcstorntion 
■ Mhed failure (adhesh-e at 
dcntin /cohcsive in glass-
ionomcr) 
Figure 6.1 The percentages of the recorded modes of failure in the tested groups. 
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Figure 6.2 SEM photomicrographs showing the predominant failure modes of GC Fuji 
IX GP Fast (A and B), Fuji IX GP containing chlorhexidine (C and D), and ChemFil 
Rock (E and F). (A, C, and E):Type I: adhesive failure (failure at the interface between 
dentin and GIC). (B, D, and F) Type III: mixed failure (involving both adhesive and 
cohesive failures). Filled arrows point to dentin, and hollow arrows point to HVGIC 
remnants. SEM, scanning electron micrography; GIC, glass-ionomer cement; HVGIC, 
high-viscosity glass-ionomer cement. 
Discussion 
In the current study, the term "normal dentin" is used to describe caries-free dentin. This term 
has been used by many other authors18-22 who believe that the term "sound dentin" 23"26 
should indicate virgin dentin not subjected to any stimulus, not even an occlusal force, as in 
the case of an impacted third molar. A nomenclature that defines the type of dentin compared 
with CAD through discussions among the scientific community is still required. 
Differentiation between normal and CAD substrates was carried out using caries-
detecting dye and a dye permeability test. Despite the fact that the use of caries-detecting dye 
is popular, 14 its staining ability, which relies neither on chemical reaction with CAD tissue 
nor on bacterial staining, could lead to overexcavation. Thus, the dye permeability test, which 
was found to be a nondestructive, reliable method, 15 was used as an adjunctive way for 
differentiation between both dentin substrates. 
Several studies were conducted to compare bond strength of both substrates (ND and 
CAD) for adhesive systems and resin composite15•18•27•29 Nevertheless, few researchers tested 
bonding ofHVGICs to ND and CAD.30•31 In the current study, all tested HVGICs revealed no 
significant difference in their bonding to ND and CAD. Alves and others30 reported equal 
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bonding of Ketac Molar Easy Mix to ND and simulated CAD. Lenzi and others31 confirmed 
these results when they bonded Fuji IX to ND and artificially induced CAD in primary teeth. 
The mechanism ofGIC bonding to dentin is not precisely identified. Bonding ofGICs 
is assumed to be a twofold mechanism, chemica! interaction and micromechanical 
interlocking to a lesser degree. The chemica! reaction is attributed to the ionic interaction 
between carboxylic groups from polyacids and the hydroxyapatite from the tooth surface, 
displacing calcium and phosphate ions from the latter. The micromechanical infiltration, 
which is expected to have a minor role in comparison with adhesive systems used with resin 
composite, may be due to the retention provided by surface irregularity of dentin and the 
porosity formed by the GIC self-etching property. 32 
The higher mean µSBS values obtained for all tested HVGICs bonded with CAD 
rather than with ND might be due to the presence of the large amount of calcium phosphate 
crystals occluding the dentinal tubules; these deposits favor the chemica! bonding of the 
GICs. The histological variation between ND and CAD among carious teeth may explain 
why authors recorded different bond strengths of some cements to ND and CAD. 
Similar to GC Fuji IX GP Fast, Fuji IX GP containing chlorhexidine HVGIC showed 
nonsignificant µSBS values when bonded to both dentin substrates. Previous studies showed 
that application of GICs to CHX-conditioned dentin surfaces has no significant effect on the 
bond strength.33•34 Inclusion of 1.25% of CHX in HVGIC powder showed an antibacterial 
effect without causing adverse effects on mechanica! properties or bond strength to ND, 10 
especially when CHX diacetate was used. The tested Fuj i IX contains 1 % CHX diacetate, 35 
which proved to be a stable material, and being a powdery component, it can be easily mixed 
and blended with glass-ionomer powder. 10•11 On the other hand, CHX digluconate cannot be 
easily separated into a powder form or even kept stable in this form. In the Fuji IX GP trial 
material, the concentration of CHX was kept as low as possible as was recommended. This is 
because CHX is not involved in the formation of the glass-ionomer matrix. A high arnount of 
CHX would affect the network formation and the properties of the glass ionomer. Tuis study 
is the first to give an idea about the bond ofHVGIC containing CHX to CAD. 
Generally, the setting process in Fuji IX GP HVGIC, whether containing CHX or not, 
like other glass-ionomer resin matrices, is developed through an acid-base reaction between 
the polyacid liquid and the glass powder.36 The buildup of aluminum polyalkenoate follows 
the initia! formation of calcium polyalkenoate. This arises in a stepwise reaction 
characterized mainly by an increase in strength properties over the initia! 24 hours. In the 
reaction, precipitation of the matrix goes on until almost no ions remain in insoluble form. 37 
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Nevertheless, the formation ofzinc-polycarboxylate complexes during the setting ofChemFil 
Rock GIC enhances the strength more than other complexes consisting of bivalent ions, such 
as calcium and strontium.37 A new high-molecular-weight acrylic acid copolymer was also 
integrated in the ChemFil Rock powder, which could be another reason for the recorded 
increase of its strength properties38 besides its filler modifications. In addition, the increment 
of itaconic acid in the liquid of ChemFil Rock as a comonomer might play a role in its 
strength properties. It was reported that incorporation of itaconic acid in the conventional 
commercial GIC could improve the bond strength compared to compositions without 
copolymer.39 Bonding under IPP simulation dorre in the present study might cause changes in 
the bonding performance of the tested materials, and this might lead to a difference in the 
obtained results compared with other studies. The dentin surface was conditioned with 
polyacrylic acid (20%) prior to the application of GC Fuji IX GP Fast and Fuji IX GP 
containing chlorhexidine. ChemFil Rock HVGIC was applied, as recommended by the 
manufacturer's instructions, without preconditioning of the dentin surface. Yet ChemFil Rock 
HVGIC recorded significantly higher bonding values than that ofboth other types ofFuji IX 
GP. The smear-covered dentin surface in the case of ChemFil Rock HVGIC could have 
reduced the dentin permeability compared to that of preconditioned dentin with the other 
types. This could be the reason for superior bonding of ChemFil Rock HVGIC, as the wetter 
surface possibly led to weaker bond for Fuji IX HVGICs. 
Mode of failure analysis using SEM has been a compulsory part of bond strength 
studies. The predominant mode of failure in the present study was mixed, and this finding is 
consistent in part with Choi and others40 despite differences in methodology. Nevertheless, a 
higher percentage of adhesive failure was recorded in the present study. This may be due to 
the specially constructed attachment used for µSBS testing that permitted the applied force to 
be directed at the interface. In the current study, there was no difference among the obtained 
failure modes of any of the tested materials with ND and CAD that supports the bond 
strength results. 
Conclusively, the values of the µSBS of the tested brands of the HVGICs showed that 
these types can be recommended to restore dentin carious cavities in cases where the ART 
approach is applied, as their bonding to ND and CAD were comparable. While ChemFil 
Rock was superior in its bonding compared to the other tested HVGICs, the clinical 
performance of these HVGICs in stress-hearing areas still needs to be investigated. 
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Conclusions 
Zinc-reinforced high-viscosity glass-ionomer ChemFil Rock showed superior bonding to ND 
and CAD compared to GC Fuji IX GP Fast and Fuji IX with chlorhexidine. However, the 
bonding of each of the tested HVGICs showed comparable bonding to both dentin substrates. 
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Chapter 7 
Survival of occlusal ART restorations with and without 
chlorhexidine containing high-viscosity glass-ionomer: a 2-year 
split-mouth randomized controlled quadruple-blind clinical trial 
Tuis chapter has been submitted as Mobarak E, Shabayak M, Mulder J, El Deeb H, Hassan F, 
Van der Sanden WJM, Frencken JE. Survival of occlusal ART restorations with and without 
chlorhexidine containing high-viscosity glass-ionomer: a 2-year split-mouth randomized 
controlled quadruple-blind clinical trial. 
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Abstract 
Objective: Is high-viscosity glass-ionomer with chlorhexidine (HVGIC/CHX) more effective 
in preventing secondary carious lesions and is its survival in conjunction with ART treated 
cavities higher than that ofHVGIC. 
Materials and Methods: The study followed a split-mouth, quadruple-blind, randomized 
controlled clinical design and lasted 2 years. Patients with at least two small-medium-sized 
occlusal cavities were included. Occlusal cavities were prepared according to the ART 
method and restored with HVGIC/CHX (test) and HVGIC (control). A replica of all 
restorations available and digital photographs were made at baseline and after 0.5, 1, 1.5 and 
2 years, and evaluated by two examiners using the ART and FDI restoration assessment 
criteria. Estimation of survival curves was done with the Kaplan-Meier method. The logrank 
test was used to test for significance between the survival rates. 
Results: According to the ART restoration assessment criteria, the 2-year survival 
percentages of ART/HVGIC/CHX (96.8%) and ART/HVGIC (94.8%) did not differ 
statistically. No statistically significant difference was found for the test (97.9°1<>) and the 
control (96.9%) group according to the FDI restoration assessment criteria. Eight and 5 
occlusal restorations failed using the ART and FDI restoration criteria, respectively. A 
dentine carious lesion along the restoration margin was not observed. 
Conclusions: The 2-year survival of ART restorations with bath types of HVGIC material 
was high. Secondary carious lesion development was not observed in both treatment groups. 
Clinical significant: HVGIC can safely be used to restore occlusal ART-cleaned cavities in 
permanent teeth if secondary carious lesion development is to be prevented. 
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Introduction 
One of the minimal intervention dentistry (MID) concepts that emerged in the dental 
literature in the mid-1990s is the Atraumatic Restorative Treatment (ART) approach. 
Meanwhile, ART is considered a viable option for providing preventive and restorative care 
in private practices and in field situations [ 1, 2]. 
In contrast to conventional stepwise excavation of carious lesions, the ART approach 
is performed in one-session [3]. ART consists of removing soft, demineralized tooth tissue 
using hand instruments and restoring the cleaned cavity and adjacent pits and fissures with an 
adhesive restorative material that is usually a high-viscosity glass-ionomer cement (HVGIC) 
[2, 4]. Because ART does not require electricity and running water, it is a very suitable 
treatment for use in community oral health programs in developed and developing countries 
that face difficulties in meeting people's demand of care because they rely solely on the 
traditional rotary treatment approach [l, 5, 6] . 
The currently available HVGIC restorative materials possess unique biological, 
physical and chemica! properties that make them useful as a preventive and restorative 
material with the ART approach. Their important properties include chemica! adhesion to 
tooth structures, thermal compatibility with enamel and dentine, a good level of 
biocompatibility and the ability to remineralise demineralized dental tissue [7]. The removal 
of only soft, decomposed dentine and leaving firm, demineralized dentine behind entails that 
the cavity still contains micro-organisms. In ART treated shallow and medium-deep-sized 
cavities it is unlikely that this situation will cause pathological problems. For <leep cavities, 
the International Caries Control Cooperation (ICCC) recommends that soft, demineralized 
dentine tissue on the floor of the cavity can be left bebind. However, the grading of the 
strength ofthis recommendation was low [3]. The ICCC also recommends that liners may not 
be necessary as there was no significant difference present in the survival of teeth with <leep 
cavities (between ¼ and 1/3 into dentine) that had been lined and not Iined. However, this 
recommendation had a low strength grading. 
HVGIC materials have been shown to have an antibacterial effect in laboratory 
studies [8, 9] . This antibacterial effect was significantly enhanced when chlorhexidine (CHX) 
was added to HVGIC in vitro [10, 11] and in vivo [12] studies. A 7-day long study showed a 
reduction in total micro-organism count in the area under HVGIC and HVGIC that contained 
chlorhexidine (CHX/HVGIC) restorations. However, the reduction of micro-organisms in 
dentine in CHX/HVGIC treated teeth was significantly higher than in the dentine in HVGIC 
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treated teeth [12]. Unfortunately, clinical effectiveness studies for using CHX/HVGIC as a 
restorative could not be found. 
The question arises, would the use of HVGIC/CHX be more effective in preventing 
the occurrence of secondary carious lesions than HVGIC and would the survival of 
HVGIC/CHX restorations be higher than HVGIC restorations in occlusal cavities in 
permanent teeth treated according to ART. 
Materials and methods 
Study setup and ethica/ aspects 
A 24-month follow-up prospective randomized controlled split-mouth, quadruple-blind 
(operator, patients, evaluators and statistician) clinical study design was conducted. The 
ethical committee at Ministry of Health and Population, Government Health Insurance in 
Egypt gave permission to perform the study (RHD-JRB0000687-13Oct2014-EM01). The trial 
was registered at the International Standard Randomised Controlled Trials Number (ISRCTN 
16774328). The school authorities, students and their parents were informed in writing about 
the content of the study. Parents were requested to fill in a consent form. Only students whose 
parents had filled in the form were allowed to enter the study. 
The study population comprised of students from 4 (2 for boys and 2 for girls) local 
governmental preparatory schools in Giza govemorate, Caïro, Egypt who had a comparable 
low- to moderate-socioeconomic status. These schools were selected as there was a dental 
clinic nearby that belonged to the government health insurance where the study-students were 
allowed to be treated. All students in the second and third preparatory years were screened at 
the school compound by the first (EM) and second author (MS). Students who met the 
inclusion criteria, presented in Table 7. 1, were invited to participate. For each participant, the 
age, gender, grade, school name, phone number ofboth parents, detailed home address, teeth 
type/location (using FDI two digit system), the DMFS and Simplified Oral Hygiene Index (S-
OHI) [13] were recorded. The size of the cavitated dentine carious lesions was determined 
according to Si/Sta classification [14]. Teeth with either a 1.2 or 1.3 score were included 
(Figure 7.1). Non-study students that required treatment were referred to the regular school 
dental clinic. 
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Table 7.1 lnclusion and exclusion criteria for students enrolled in the present study 
Inclusion criteria 
• Healthy patients without a history of any medical disease or condition that 
could interfere with the study protocol or affect clinical results. 
• Patients without oral habits that could affect the study results. 
• Presence of natura! antagonist. 
• Presence of at least two teeth with a cavitated dentine carious lesions in an 
occlusal surface in first or second permanent molars situated in different sides 
ofthejaw. 
• Occlusal cavities with size (Site/Stage 1.2 or 1.3). 
• Absence of apparent enamel crack or fracture. 
• No pulp involvement or symptoms ofpulpitis or apical periodontitis. 
Exclusion criteria 
• Poor oral hygiene. 
• Deciduous teeth. 
• Patients declaring daily consumption of substantial volume of citric juices. 
Sample size calculation 
On the basis of a significance level of 0.05, a power of 80% and using the extrapolation of 
findings from the ART meta-analysis [ 15] that showed a 3-year survival percentage of 85 for 
single-surface ART restorations in permanent posterior teeth using hand-mixed HVGIC, and 
the expected 11 % increase in survival percentage (96%) obtained from using CHX/HVGIC, 
the required sample size is 107 single-surface cavities per treatment group. Accounting fora 
dropout of students of 9%, the sample size is 117 per group for the 3-year period. (PS Power 
and Sample Size Calculations Software, version 3.0.11 for MS Windows). 
Blinding and randomization of the restoratives 
The restorative materials were available in two identical containers; one contained the 
experimental 1 % CHX/HVGIC (GC Corporation Tokyo, Japan) and the other was Fuji IX GP 
(GC Corporation Tokyo, Japan). Both HVGICs were in shade A3. The containers were 
masked by a non-study dentist who labeled the containers as "I" or "Il", as shown in Figure 
7.2, and kept the identity key secured. Two well-trained assistants aided in mixing and 
handling procedures. They were also blinded towards identification of the restoratives. 
119 
Figure 7.1 Occlusal cavties size 1.2 and 1.3. 
Randomization of the two restoratives over the prepared cavities was performed as follows: 
100 identical opaque sealed envelopes were prepared which included a number between 1 
and 100. Bach eligible student was asked to choose one envelop. The chosen number was 
taken as his/her identity code. If the number was an odd one, the molar at the right side was 
restored with material I and the molar at the left side with material Il. If an even number was 
chosen, the molar at the right side was restored with material II and the left sided molar with 
material I. 
II 
Figure 7.2 Glass ionomer masked containers. 
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Operator training and ART cavity preparation and restorative procedures 
Prior to producing ART restorations, the operator (MS) underwent theoretica! (lecturers) and 
practical training. The practical training was performed on patients to ensure standardization 
of the clinical procedure. During 5 sessions (one/week) a total of 30 occlusal restorations 
were perfonned using the ART method under close supervision of the first author (EM) who 
had been trained by an experienced ART operator (JEF). ART treatments were provided at 
school days during March 2008 till May 2009. 
The ART method followed that recommended by Frencken et al, [4]. Isolation was 
obtained using cotton rolls only. Local anesthesia (Mepivacaine-L, Alexandria company for 
pharmaceuticals, Alexandria, Egypt) was administered only on patient demand during clinical 
procedures. Cavities were prepared entirely using hand instruments as follows: if needed to 
get access to the carious dentine, the ART Cavity Opener (Henry Schein, NY, USA) was 
applied as wel! as the ART Enamel Hatchet (Henry Schein, NY, USA). Soft carious dentine 
was excavated by small and medium-sized ART Excavators (Henry Schein, NY, USA). Any 
weak undermined enamel that appeared after dentine excavation, was removed using the 
enamel hatchet. Cavity was then rinsed with water soaked cotton pellets. 
The cavity was dried using dry cotton pellets. Cavity dryness and wetness were 
maintained inside the cavity using small cotton pellets throughout the whole procedure. Each 
prepared cavity was conditioned using manufacturer supplied dentine conditioner which was 
applied to the floor and walls by a microbrush (Microbrush, Sao Paulo, Brazil) for 10 sec. 
The conditioner was rinsed out using a small cotton pellet soaked in water till no visible 
remnants of the conditioner remained (about 10s). Then, the cavity was blotted using small 
cotton pellets (5s). The restorative was mixed with a plastic spatula on a paper pad according 
to the manufacturer's instruction. Numbers of scoops were in accordance to the cavity size. 
Drops of liquid were free of air bubbles and corresponded to the amount of powder. 
The randomized selected restorative was placed in the prepared cavity, packed using 
the flat end of the ART applier/carver instrument (Henry Schein, NY, USA) and pressed into 
position by the index finger coated with a thin layer of petroleum jelly for 30s [ 4]. Excess 
restorative material was removed using the carver end of the ART applier/carver instrument 
and a discoid excavator (Henry Schein, NY, USA). The restoration margins were burnished 
using the backside of the excavator. After removing excess material, the surface of the 
restoration was coated with petroleumjelly. The occlusion was checked using an articulating 
paper (Hannel, Coltene/Whaledent GmbH, Germany) and if found to be correct, the surface 
of the restoration was coated with another layer ofpetroleumjelly. The patient was instructed 
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occlus 
Figure 7. 3 Consort study flowchart on the basis of the ART caries assessment criteria. 
NS: number ofstudents; NR: number ofrestorations. 
not to eat and to brush the restored side of the mouth for at least two hours, and then to brush 
the teeth twice daily with a fluoride containing toothpaste. Finally, the patient was advised to 
contact the operator (MS) in case of having any complain or pain. 
Restorations ,,.,..Ran do mizatio n 
Digital clinical photographs were taken preoperatively, after cavity preparation and at each of 
the 4 evaluation moments using a digital camera Nikon D40 (Nikon, Tokyo, Japan) and a 
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Macro lens (Sigma Macro Lens 105mm F2.8, Sigma Corp, Tokyo, Japan) supplied with a 
ring flash . 
Following the taking of digital clinical photographs a replica of all restorations using 
silicon rubber base (putty/light material, two steps technique) were made at each of the 4 
evaluation moments. A sectional tray was cut short and modified to cover three teeth only; 
the treated tooth, a mesial and a distal one to the restored tooth. The putty material (Exaflex 
Putty, GC Corporation Tokyo, Japan) was mixed according to the manufacturer's 
instructions, placed in the sectional tray and positioned on the area of interest under steady 
pressure applied by two fingers. After setting of the impression material, the tray was 
removed from the mouth. Then, the impression was rinsed, dried and checked. Excess putty 
material that extended into the buccal and/or lingua! vestibules was cut away with a sharp 
knife. Light body paste (Examix NDS, GC Corporation Tokyo, Japan) was injected onto the 
occlusal surface, minimizing the incidence of air bubble entrapment, over the adapted putty 
impression. Then, the tray was reseated over the occlusal surfaces of the teeth. After setting 
of the paste, the tray was removed from the mouth, rinsed, dried and inspected under 
illumination for the presence of any defect. The impression was poured into a type IV extra 
hard stone (Fuji Rock EP, GC Corporation Tokyo, Japan) to produce a replica of the restored 
tooth. A plaster base was fabricated for situating the set stone replica. 
The students were contacted by phone for arranging an appointment to perform the 
follow-up assessment of the restorations at the school compound. In case the research team 
failed to contact the student by phone or to meet him / her at school because of absenteeism, a 
home visit was made and a clinical photograph and mouth impression was made (MS, ME 
and HE). Students, who could not be contacted at all were considered drop-outs. 
Restoration evaluations were done at baseline, 6, 12, 18 and 24 months using the ART 
restoration criteria (codes 0-9) [16] and 5 categories of the set of criteria proposed by the 
Federation Dentaire international (FDI) [17]. These categories included: fracture and 
retention, marginal adaptation, wear, recurrence of caries, erosion and abfraction, and tooth 
integrity. The evaluation process was carried out using digital photographs and replicas. The 
evaluation was carried out by two evaluators who did not take part in the clinical procedures, 
as was recommended by Hickel et al. (2007) [17], and who were blinded to the restorative 
used. Baseline evaluations were carried out one week after completion of the restorations 
[17]. This was done to discard any faulty restoration (those with initia! persistent pain or 
unbearable hypersensitivity or improper occlusal contacts). The 3-year evaluation could not 
be performer because of politica! circumstances in Egypt. 
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Statistica/ analyses 
Imputation was perfonned on missing data over the 5 evaluation points (series) from the 2 
constructed databases: one database on the basis of all the 9 ART restoration codes and one 
on the basis of the calculated success or defected (2 constructed codes) of the combined 5 
categories of the FDI restoration criteria evaluated. In most cases, imputation could be 
perfonned straightforwardly. In the ART restoration criteria-related database, imputation 
could not be perfonned straightforwardly in 22 series and in the FDI restoration criteria-
related database in 4 series. Using a flip of the coin, the score on the left and right side of the 
missing score was chosen altematively to complete a series. 
The analyses were done by a statistician using SAS 9.2 software (Cary, NC, USA). The 
estimation of the survival curves was perfonned using Kaplan-Meier method. A Log-rank 
test was used for testing for differences in survival percentages between test and control 
group. Because of the low number of failures in both groups and the high p-value between 
them, we decided not to apply a complex proportional hazard model that includes a 
comparison within subjects and which is nonnally used in comparison of survival analyses. 
Statistica! significance was set at p=0.05. 
Results 
The study CONSORT diagram is presented in Figure 7.3 . A total of 100 students (53 girls 
and 47 boys), with mean age of 14.4 years (SD=0.3) ranging from 13.9- to 14.1 years, met 
the inclusion criteria and had the consent form signed. 
The mean DJMFS score was 4.02 (SD=l.1) and the OHI-S was 0.13 (SD=0.1). The 
distribution of the restorations using the test and the contra! restorative by tooth type is 
shown in Table 7.2. Majority of restorations in both groups were placed in the first molars in 
the mandible. Only one local anaesthesia injection was administrated. 
The survival percentages and standard error of the test (ART/HVGIC/CHX) and 
control (ART/HVGIC) restorative by time interval according to the ART and FDI restoration 
criteria are presented in Table 7.3 and 7.4, respectively. The 2-year survival percentages of 
both occlusal ART restorations were high and were not statistically significantly different 
(p=0.47) (Table 7.3) and (p=0.65) (Table 7.4). 
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Table 7.2 Distribution of number of restorations (N) using the test (ART/HVGIC/CHX) 
and control (ART/HVGIC) restorative by tooth type 
Tooth type ART/HVGIC/CHX ART/HVGIC 
N N 
17 3 
16 16 10 
26 11 16 
27 2 
36 29 27 
37 6 9 
46 27 30 
47 9 5 
The 2-year survival percentages of ART/HVGIC/CHX and ART/HVGIC according to 
the ART restoration criteria are 96.8 and 94.8, respectively. According to the FDI restoration 
index, the 2-year survival percentages are 97.9 (ART/HVGIC/CHX) and 96.9 
(ART/HVGIC). A total of 8 occlusal restorations failed using the ART restoration criteria 
compared to 5 failed occlusal restorations according to the FDI restoration criteria. All 
restoration failures were material-related; neither a dentine carious lesion along the 
restoration margin nor an abscessed tooth was observed. According to the FDI criteria, one 
restoration failed for excessive wear, 2 for major marginal integrity and 2 fora <leep chipping 
off of restorative material. The ART restoration criteria failed all defective restorations for 
deficiency at the restoration margin of more than 0.5 mm ( code 2). 
Discussion 
The present investigation shows that the 2-year survival percentage of HVGIC with CHX 
restorations ART treated occlusal cavities was not significantly different from those restored 
with the comparable HVGIC without CHX. There being no other such survival studies 
obtained from a literature search until March 2018 on the comparison of restored cavities 
with and without CHX incorporated in the HVGIC in permanent teeth, we conclude that there 
is until now no evidence for modifying HVGIC by incorporating chiorhexidine in order to 
improve the survival of(ART) restorations in occlusal surfaces in permanent teeth. This early 
conclusion holds true for the primary dentition. A study in which ART/CHX/HVGIC was 
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Table 7.3 Survival percentages (Surv) and standard error (SE) of the test 
(ART/HVGIC/CHX) and control (ART/HVGIC) restorative by time interval according 
to the ART restoration criteria 
Time interval ART/HVGIC/CHX 
(year) Nentry Nrailcum Ncenscum Surv SE 
0.0-0.5 100 0 1 100.0 0.0 
0.5- 1.0 99 0 4 100.0 0.0 
1.0-1.5 96 2 9 97.9 1.5 
1.5 -2.0 89 3 96.8 1.8 
Nentry = number of restorations at start of the study 
NJailcum = cumulative number of failures 
N,,.nscum = cumulative number of censored data 
ART= Atraumatic Restorative Treatment 
CHX = chlorhexidine 
HVGJC = high-viscosity glass-ionomer cement 
ART/HVGIC 
Nentry Nrailcum Ncenocum Surv SE 
100 1 1 99.0 1.0 
98 1 4 99.0 1.0 
95 4 9 95.9 2.0 
87 5 94.8 2.3 
Table 7.4 Survival percentages (Surv) and standard error (SE) of the test (ART 
/HVGIC/ CHX) and control (ART/HVGIC) restorative by time interval according to 
the FDI restoration criteria 
Time interval ART/HVGIC/CHX 
(year) Nentry Nrailcum Ncenscum Surv SE 
0.0-0.5 
0.5- 1.0 
1.0- 1.5 
1.5-2.0 
100 0 
99 0 
96 2 
89 2 
4 
9 
100.0 0.0 
100.0 0.0 
97.9 1.5 
97.9 1.5 
N,ntry = number of restorations at start of the study 
N1a11cum = cumulative number of failures 
N,-.ru,-um = cumulative number of censored data 
ART= Atraumatic Restorative Treatment 
CHX = chlorhexidine 
HVGJC = high-viscosity glass-ionomer cement 
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ART/HVGIC 
Nentry Nraucum Ncenscum Surv SE 
100 1 99.0 1.0 
98 4 99.0 1.0 
95 3 9 96.9 1.8 
88 3 96.9 1.8 
investigated among on average 46-months-old children (n=36) revealed no difference in 
survival percentages compared to ART/HVGIC after 1 year [18]. 
The methodology applied in the present study was performed adequately. Different to 
many restorative material studies, randomization, restoration procedure and restoration 
evaluation were carried out blind, white the students were blinded towards the restorative 
material that was inserted in the cavity. This was achieved because the color of the two 
materials did not differ, because of blinding the powder and liquid bottles and because the 
students in essence received the same kind oftreatment. Different to many studies that used a 
parallel group design, the present study applied a split-mouth design as it allowed to 
investigate the test and control restorations under the same individual conditions and caries 
risk. The restoration assessment was performed on replicas supported by clinical pictures, 
which could also be kept disguised from the evaluators. Lastly, the statistician was blinded as 
the randomization key became released after the analyses of data was completed. The 
evaluation was held after 2-years for all possible replicas available. This situation enhances 
the quality of the data because an image of the restoration is available at each evaluation 
point. It allows the evaluator to assess the quality of the restoration longitudinally. Although 
the manufacturing of replicas and clinical pictures consumes more time and is more 
expensive than the visual clinical evaluation, in a longitudinal study the extra cost is worth 
spending. The quality of the database was further enhanced because of the application of the 
imputation process which for most cases could be performed without problem. The number 
of drop-outs was kept low as researchers followed the students up to their home to take 
clinical photographs and impressions. 
A disadvantage of the present study is the absence of a measurement of the depth of 
the cavity. It is unknown if the distribution of cavities within and between the 2 groups 
yielded non-significant groups with respect to this variable at start. To what extent this 
omission may have had an effect on the outcome is difficult to say but considering the vety 
few defected restorations observed in both groups and the absence of an abscessed tooth, we 
consider a possible effect of 'depth of cavity' on the outcome insignificant. This assumption 
is further supported by the fact that only cavities with a 1.2 and 1.3 size were treated. 
The majority ofteeth included in the study were first permanent molars which reflects 
the age and the caries risk period of the study participants. There was no significant 
difference in type of tooth allotted to the two groups which is considered a methodological 
advantage. 
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All ART restorations had been assessed using 2 set of assessment criteria. The 
survival percentage of both types of ART restorations was higher, but insignificantly, when 
the FDI criteria were used. This finding was also observed in the previously published study 
that used these two assessment criteria [19]. The ART restoration assessment criteria seem to 
be more stringent than the FDI or the United States Public Health Services (USPHS) criteria. 
The main reason is related to the way marginal integrity of the restoration is failed. The 
FDI/USPHS criteria fail a restoration when the dentine is visible at the restoration margîn 
while already more than 0.5mm of exposed enamel is a reason for failing a restoration 
according to the ART restoration criteria. The 0.5mm cut-off point was considered 
sufficiently deep enough for plaque stagnation that would make the spot vulnerable for the 
development of a secondary dentine carious lesion. Time has shown, however, that the 
prevalence of secondary dentine carious lesion development at the margin of single-surface 
ART restorations is very low: 0.5% annually over the first 5 survival years [20]. The reasons 
for failure in the present study were all related to the material and not to the development of 
new dentine carious lesions. 
The 2-year survival percentage of ART/HVGIC restorations in the present study, 94.8 
(ART restoration criteria) and 96.9 (FDI restoration criteria), is somewhat higher than the 2-
year weighted mean survival percentage ofsingle-surface ART restorations (92.6) reported in 
the latest meta-analysis on ART [21]. A number of studies have used HVGIC with a coating 
to restore single-surface cavities in private practices. The survival percentages were 100.0 
and 98.8 after 4 years [22, 23], 97.0% after 3 years [24] and 100% after 2 years [25]. 
Restorations with a light-cured resin monomer coated HVGIC performed extremely well and 
may extend the indication for glass-ionomer use in restorative care. However, there was no 
difference in the survival of HVGIC restorations that were coated and not-coated with a resin 
monomer [20]. 
Conclusion 
Although studies have shown that the addition of chlorhexidine to HVGIC exercise an 
antibacterial effect, the survival of ART/HVGIC/CHX restored occlusal cavities in 
permanent teeth in the present study was not significant different from those cavities that 
were restored with a comparable HVGIC without CHX after 2 years. Furthermore, none of 
the defective restorations were related to the development of secondary dentine carious 
lesions. 
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Chapter8 
Survival of multiple-surface ART restorations using a zinc-reinforced 
glass-ionomer restorative after 2 years: A randomized triple-blind clinical 
trial 
This chapter has been submitted as: Mobarak E, El Deeb H, Daifalla LE, Ghaly M, Mustafa 
M, Sabry D, Fatah H, Mulder J, Creugers NHJ, Frencken JE. Survival ofmultiple-surface 
ART restorations using a zinc-reinforced glass-ionomer restorative after 2 years: A 
randomized triple-blind clinical trial. 
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Abstract 
Objective: To investigate the effectiveness of a new zinc-reinforced glass-ionomer with a 
common high-viscous glass-ionomer cement (HVGIC) used in multiple-surface ART 
prepared cavities. The hypothesis tested was that the cumulative survival percentage of the 
new HVGIC is higher than that of the common HVGIC over 2-years. 
Methods: A randomized triple-blind parallel group clinical trial was used. A total of 218 
students, average age 15.4-years (SD=0.2), with an occluso-proximal dentine cavity in a 
permanent (pre-)molar were included. Restorations using test (Chemfil Rock) and control 
(Fuji IX GP) restoratives were placed according to the ART method by four calibrated 
operators. Restorations were evaluated after one week (baseline), 6-, 12-, 18- and 24-months 
from replica's and coloured photographs according to the ART restoration assessment criteria 
by two independent evaluators. Restoration survival curves were estimated using Kaplan-
Meier method and difference between dependent and independent variables tested with a 
Wald (chi-square) test. 
Results: There was a statistically significant difference in cumulative survival percentages 
between the two type of restorations at 2-years (p=0.02). A higher percentage of Class II 
restorations ofFuji IX GP (95.4%) than Chemfil Rock (85.3%) survived. There was no effect 
of gender (p=0.64), operator (p=0.56), cavity size (p=0.81) on the type of restorations 
observed. Type of tooth (p=0.004) and type of jaw (p=0.05) showed an effect. Severe wear 
was the major reason for restoration failure (Chemfil Rock=7; Fuji IX GP=l). 
Significance: Chemfil Rock appears not to be a viable alternative to current HVGIC in 
restoring ART multiple-surface cavities in permanent molars. 
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Introduction 
Reviews have concluded that the Atraumatic Restorative Treatment (ART) method is 
indicated for treating cavitated dentine carious lesions in single-surface cavities in both 
primary and permanent posterior teeth [1-3). Although systematic reviews did not show a 
significant difference in the survival percentage of multiple-surface ART restorations using 
powder-liquid mixed high-viscosity glass-ionomer cement (HVGIC) and comparable 
amalgam and resin composite restorations in primary [ 4, 5), the indication for using the ART 
method as well as for the traditional ones in this type of cavity, should be treated with care. 
The three restorative methods produced relatively low survival percentages. The studies in 
which the ART method was used to treat multiple-surface cavities in permanent posterior 
teeth are few [ 6). 
The quality of a restoration over time is dependent on a number of factors which are 
operator, patient and material related [7]. HVGICs have been used for the last 20 years and 
have improved since its introduction. Laboratory studies show that capsulated HVGICs 
provide higher survival percentages than their powder-liquid versions [8, 9). But, despite 
these possible improvements, the fracture toughness of HVGICs remains a weak aspect. In 
order to produce quality multiple-surface ART/HVGIC restorations in permanent and 
primary posterior teeth, the fracture toughness of the HVGIC needs, therefore, to be 
improved. 
Some years ago, a zinc-reinforced capsulated HVGIC was introduced that, in 
laboratory studies, showed higher fracture toughness values than conventional HVGICs [10, 
11). Such a HVGIC might be a suitable restorative to improve the survival of multiple-
surface ART restorations in permanent and also primary posterior teeth. As a review of the 
literature did not result in a study that had investigated this zinc-reinforced HVGIC clinically, 
it was decided to start a clinical trial investigated its effectiveness. 
The hypothesis tested was that the survival of multiple-surface ART zinc-reinforced 
HVGIC restorations in permanent molars was significantly higher than that of comparable 
restorations using conventional HVGIC after 2-years. 
Materials and methods 
Sample size calculation 
Very few studies are available regarding multiple-surfaces ART restorations in permanent 
posterior teeth. On the basis of a significance level of 0.05, a power of 80% and using the 
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extrapolation offindings from the 10-year study by Zenata et al, (2011)[12], that showed a 3-
year survival percentage of 79 for multiple-surfaces ART permanent posterior restorations 
using hand-mixed HVGIC, and the expected 14% increase in survival percentage (93%) 
obtained from using the zinc-reinforced HVGIC, the required sample size per group is 92 
multiple-surface cavities per treatment group. Accounting fora dropout of students of 15%, 
the sample size is 106 per group for the 3-year period. (PS Power and Sample Size 
Calculations Software, version 3.0.11 for MS Windows (William D. Dupont and Walton D. 
Vanderbilt, USA). 
Study setup and ethical aspects 
A randomized prospective parallel, triple-blind (patients, evaluators and statistician), 
controlled clinical study design was conducted. Study protocol was approved by the ethica! 
committee at Ministry of Health and Population, Government Health Insurance in Egypt 
(RHD-IRB0000687-13Oct2014-EM02) and registered at the International Standard 
Randomised Controlled Trials Number (ISRCTN). Study contents were fully explained, in 
verbal and written form, to the school authorities, students and their parents. Once the subject 
and his/her parent agreed, the parent was requested to fill in a consent form. Only students 
whose parent had filled in and signed the form were allowed to enter the study. 
Based on in- and exclusion criteria (Tab Ie 8.1 ), students from 24 local govemmental 
preparatory schools (12 boys and 12 girls only) in low- to moderate-socioeconomic regions, 
in Giza govemorate, Caïro, Egypt were eventually included in the study. These schools had 
nearby dental clinics, which allowed the clinics to be used for treating the study participants. 
Four dentists screened all the students in the second and third preparatory school year at the 
school compound. Students who met the inclusion criteria were invited to participate in the 
study (Figure 8.1 ). Data were recorded for each participant consisting of age, gender, grade, 
school name, phone number of both parents, detailed home address, teeth type/location, 
DMFS count and plaque and gingivitis score according to the Simplified Oral Hygiene Index 
(S-OHI) [13]. Cavitated teeth that scored either 2.2, 2.3 or 2.4 according to Si/Sta 
classification [14] were included in the study. After selection of the study students, non-study 
students who required treatment were referred to the regular school dental clinic. 
Blinding ofpatients and randomization of the restoratives 
The HVGICs restorative materials used in the study were Fuji IX GP (GC Corporation 
Tokyo, Japan) (Batch no: 12051818) [Powder: Fluoro-alumino-silicate glass, ployacry lic acid 
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powder. Liquid: polyacrylic acid, polybasic carboxylic acid.] and ChemFil Rock (Dentsply 
DetreyGm bH, Konstanz, Germany) (Batch no: 1112001327) [Powder: Zine- modified 
fluoro-alumino-silicate glass.Liquid: polyacrylic acid, itaconic acid). The two tested HVGICs 
were supplied in two different capsules which made masking them impossible. Both HVGICs 
were in shade A3. 
A total of 218 students for both treatment groups were selected for treatment by four 
operators almost equally divided by operator (Table 8.2). A computer software programme 
randomized the 2 type of restorations per operator. After that, each group of 
restoration/operator was separated into two halves (female and male students) for obtaining a 
nearly equal number of both types of restorations per gender. Then, identical opaque sealed 
envelopes, containing the randomized numbers of each operator, were prepared so that half of 
the envelopes had round pink stickers for female students and the other half had blue ones for 
male students. Each eligible student was asked to choose one envelop based on his/her 
gender. The chosen number was used as the student's identity code and was taken by a third 
person, who had the codes distribution, to inform the operator which HVGIC restorative 
should be used for that particular case. In this way, randomization of the two restoratives over 
the prepared cavities was achieved and each cavity was restored with its selective restorative 
material. 
Table 8.1 lnclusion and exclusion criteria for patients enrolled in the present study. 
Inclusion criteria 
• Healthy patients without any history of any medical condition that could interfere 
with the study protocol or affect clinical results. 
• Good oral hygiene (Simplified Oral Hygiene Index (S-OHI s 0.5%). Caries status 
(DMFS<12). 
• Patients without adverse oral habits that could affect the study results. 
• Presence of natura! antagonist which is not restored. 
• presence of at least one tooth with a cavitated dentine carious lesions including at 
least occlusal-proximal (multi-surface) surface in first or second permanent 
premolars/molars situated in any side ofthejaw. 
• Presence of adjacent tooth to the cavity and being fully erupted, normally positioned 
(not titled or rotated) and having natura) (not restored) contact. 
• Occluso-proximal cavities with size (Site/Stage 2.2, 2.3 and 2.4). 
• Absence of apparent enamel crack or fracture. 
• No pulp involvement or symptoms ofpulpitis or apical periodontitis. 
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Exclusion criteria 
• ITeeth without antagonists or with a prosthetic antagonist. 
• Occlusal-proximal cavities limited to enamel layer. 
• Deciduous teeth 
• Patients who suffer from abnormal oral habits with excessive occlusal function or 
parafunction, such as pencil chewing or bruxism 
• Patients declaring daily consumption of citric juices, chewing-gums. 
Operator training and ART cavity preparation and restorative procedures 
Before the beginning of the study, operators underwent theoretica! (lecturers) and practical 
training in the ART restoration method to ensure standardization of the clinical procedures. 
During 10 training sessions ( one/three weeks ), under close supervision of the first author 
(EM), who had been trained by an experienced ART operator (JEF), and the assistance of the 
second (HE) and third author (LE), trained by first author, a total of 30 occlusal restorations 
were performed by each operator using the ART method. 
From March 2012 to May 2014, at school days, ART treatments were performed as 
recommended by Frencken et al, [15]. Local anesthesia (Mepivacaine-L, Alexandria 
Company for pharmaceuticals, Alexandria, Egypt) was administered only on student demand 
during clinical procedures. After cotton rolls isolation, cavities were prepared entirely using 
hand instruments. ART Cavity Opener (Henry Schein, NY, USA) as well as the ART Enamel 
Hatchet (Henry Schein, NY, USA) were used to get access to the carious dentine cavity (if 
needed). Soft carious dentine was excavated by small and medium-sized ART Excavators 
(Henry Schein, NY, USA). After removal of the soft, decomposed dentine and breaking away 
weak undermined enamel, and the cavity was contoured and smoothened with the enamel 
hatchet and a gingival margin trimmer (LM Instrument OY, LM Dental, Finland). Cavity was 
rinsed with water soaked cotton pellets, dried using dry cotton pellets and cautiously 
inspected for the presence of soft dentine. 
For the prepared cavities receiving Fuji IX GP, the manufacturer supplied dentine 
conditioner (10% Polyacrylic acid conditioner) (GC Corporation Tokyo, Japan) was applied 
to the floor and the walls of the prepared cavity by a microbrush (Microbrush, Sao Paulo, 
Brazil) for 10 sec. The conditioner was rinsed out using a cotton pellet soaked in water till no 
remnants of the conditioner was visible (about !Os). Then, the cavity was blotted using dry 
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cotton pellets (5s). A matrix band (HerrHawe Sycamore International Wedges, HerrHawe 
SA, Bioggio, Switzerland) and a wedge (HerrHawe Sycamore International Wedges, 
HerrHawe SA, Bioggio, Switzerland) were inserted. ChemFil Rock was applied without 
conditioner. For both types of HVGICs, capsules were mixed using amalgamator according 
to the manufacturer's instruction. Numbers of the applied capsules were dependant of the 
cavity size. 
The selected HVGIC was placed first into the prepared cavity corners and under thick 
unsupported enamel. Thereafter, it was inserted into the entire cavity and in the adjacent 
fissures taking care not to cover the cusps. Finally, the material was pressed into position by 
the index finger coated with a thin layer ofpetroleumjelly for 10-15 s [15]. Excess HVGIC 
was removed with a large excavator and ART contouring instrument (Henry Schein, NY, 
USA) and left to harden for 25-30 sec. The wooden wedge and matrix band were then 
removed. The restoration margins were burnished using the backside of the excavator, and 
the occlusal and proximal contours were carved. Occlusion was checked using an articulating 
paper (Hannel, Coltene/Whaledent GmbH, Germany). In case ofany occlusal adjustment, the 
surface of the restoration was recoated with another layer of petroleum jelly. Students were 
instructed neither to eat nor to brush the restored side of the mouth for at least two hours, and 
to brush the teeth twice daily with a fluoride containing toothpaste every day thereafter. The 
student was also advised to contact the operator in case of ha ving any complain or pain. 
Restorations evaluation 
Digital clinical photographs were taken preoperatively, after cavity preparation and 
postoperatively at baseline (one week post-restorative) and at each of the four follow-up 
intervals (6-, 12-, 18- and 24-months) using a digital camera Nikon D40 (Nikon, Tokyo, 
Japan) and a Macro lens (Sigma Macro Lens 105mm F2.8, Sigma Corp, Tokyo, Japan) 
supplied with a ring flash. 
Additional to the digital clinical photographs, a replica of all restorations using silicon 
rubber base (putty/light material, two steps technique) were made at baseline and at each of 
the follow-up intervals. A sectional tray was cut short and modified to cover three teeth only; 
the treated tooth, a mesial and a distal one to the restored tooth. The Express™ STD putty 
material (3MESPE, Switzerland, USA) was mixed according to the manufacturer's 
instructions, placed in the sectional tray and positioned on the area of interest under steady 
pressure applied by two fingers. After setting of the impression material, the tray was 
removed from the mouth. The impression was rinsed, dried and checked. Excess putty 
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material that extended into the buccal and/or lingua! vestibules was cut away with a sharp 
knife. Express light body paste (3MESPE, Switzerland, USA) was injected onto the occlusal 
surface of the adapted putty impression, with minimal air bubble entrapment. Toen, the tray 
was replaced over the occlusal surfaces of the teeth. After setting of the paste, the tray was 
removed from the mouth, rinsed, dried and inspected under illumination for the presence of 
any defect. A type IV extra hard stone (Fuji Rock EP, GC Corporation Tokyo, Japan) was 
poured into the impression to produce a replica of the restored tooth. A plaster base was 
fabricated for situating the set stone replica. 
Phone calls were made to arrange the scheduled student's follow-up appointment for 
assessing the restorations at the school compound. In case the research team failed to contact 
the student by phone or to meet him/her at school because of absenteeism, a home visit was 
made and a clinical photograph and mouth impression were made by either one or two 
members of the research team. The students who were impossible to be contacted, were 
considered drop-outs. 
Restoration evaluation was done at baseline, 6-, 12-, 18- and 24-months. Baseline 
evaluations were carried out one week after completion of the restorations [16]. This was 
done to discard any faulty restoration (those with initia] persistent pain or unbearable 
hypersensitivity or improper occlusal contacts). The evaluation was performed using the ART 
restoration criteria ( codes 0-9) [17] and the FDI restorations criteria [16]. The evaluation 
process was carried out using digital photographs and replicas independently by two 
experienced evaluators (EM and HE), who did not take part in the clinical procedures, as was 
recommended by Hickel et al. [16] and who were blinded to the restorative used per case. 
Differences of recording were discussed and agreed on consensus. 
Statistica[ analyses 
The independent variables were gender, operator (4 dentists), type of tooth (premolar and 
molar), type of jaw (maxilla and mandible) and cavity size (large, medium and small) while 
the dependent variable was type ofrestoration (ART/Class II restored with Chemfil Rock and 
ART/Class II restored with Fuji IX GP). Four longitudinal series of evaluation codes were 
incomplete and imputation was performed. Using a flip of the coin, the score on the left and 
right side of the missing score was chosen altematively to complete a series. Survival 
estimates were calculated on the basis of the scores obtained from using the ART restoration 
criteria. The FDI scores were used to distinguished between marginal failure because of 
fracturing off of the restorative or because of its severe wear. 
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Figure 8.1 - Consort study flowchart on the basis of the ART caries assessment criteria. 
NR: number of restorations. 
The analyses were done by a statistician using SAS 9.2 software (Cary, NC, USA). 
The symbol (number) for the test and control restorative was only disclosed after the analyses 
were completed. The estimation of the survival curves was performed using Kaplan-Meier 
method. A Proportional Hazard model was used to test the difference of type of restoration 
~d. the effect of the ~W'i~ J#i}bJ>flh~;ï,, ~~,~cw~e) test. Statistica! 
s,gmficance was set at ~~Jf,IIUU l ~ Ut U Il 
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Results 
The study CONSORT diagram is presented in Figure 8.1. A total of218 students (109 girls 
and 109 boys), with mean age of 15.4 years (SD=0.2) ranging from 14.8 to 15.8 years, met 
the inclusion criteria and had the consent form signed. The mean DJMFS score was 7.1 
(SD=l.57) and mean OHI-S score was 0.15 (SD=0.18). The distribution of the restorations 
using the two types of restorative by gender, cavity size, type of tooth and type of jaw is 
shown in Table 8.2. The group of small restorations was added to the medium group because 
of a too low number. Only 3 local anaesthesia injection had to be administrated. 
The cumulative survival percentages and standard error of the Chemfil Rock (test) 
and Fuji IX GP (control) restorations by time interval are presented in Table 8.3. There was a 
statistically significant difference in cumulative survival percentages between the two type of 
restorations at 2-years (p=0.02). A higher percentage of Class II restorations of Fuji IX GP 
(95.4%) than Chemfil Rock (85.3%) survived. There was no effect of gender (p=0.64), 
operator (p=0.56), cavity size (p=0.81) on the type of restorations observed. Type of tooth 
(p=0.004) and type of jaw (p=0.05) showed an effect. Because of a possible interaction 
between type oftooth and type ofjaw, a new variable was created for the four combinations. 
Analyses showed a statistically significant effect (p=0.003) among type of tooth and 
type of jaw. Contrasts showed more defected restorations in maxillary premolars than in 
those of the other 3 combinations. The two-year survival estimates for the 4 groups are: 
premolars ofthe maxilla (73.1%), premolars of the mandible (93.3%), molars of the maxilla 
(91.6%) and molars of the mandible (93.9%). 
A total of20 (15 ChemFil Rock and 5 Fuji IX GP) Class II restorations failed. The 
reason for failure is presented in Table 8.4. Presence of secondary carious lesions was scored 
in 4 (3 test and 1 control) restorations. Evaluation code 2 was scored most; 10 times for the 
test and 2 times for the control restorative. Severe wear was observed in 7 ChemFil Rock and 
in 1 Fuji IX GP Class II restorations. 
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Table 8.2 Distribution of Class Il restorations using test (Chemfil Rock) and control 
(Fuji IX GP) restoratives over the independentvariables at start of the trial. 
ChemFil Rock FujiIX GP 
Cavity size 
Small 4 2 
Medium 20 23 
Large 84 85 
Type of tooth 
Premolar 14 28 
Molar 94 82 
Type of Jaw 
Maxilla 43 57 
Mandible 65 53 
Discussion 
Research Methodology 
Every effort was taken to contact the study students which resulted in a low number of drop-
outs and, consequently, in keeping the power of the study high. The fact that restoration 
assessment was performed from clinical photographs and replicas made the evaluation 
process easy and potentially very reliable. In this way, restorations from students that were 
Table 8.3 Survival percentages (Surv) and standard error (SE) of ART Class Il 
restoration of Chemfil Rock (test) and of Fuji IX GP ( con trol) by time interval. 
Time interval ART/Chemfil Rock ART/Fuji IX GP 
(year) Nentry Nrailcum Ncenscum Surv SE Nentry Nrailcum Ncenscum Surv 
0.0-0.5 108 2 4 98.1 0.01 110 1 99.1 
0.5 -1.0 102 4 7 96.2 0.02 108 1 2 99.1 
1.0-1.5 97 10 7 90.2 0.03 107 4 2 96.3 
1.5 -2.0 91 15 85.3 0.04 104 5 95.4 
N,nrry = number of restorations at start of the study 
NJailcum = cumulative number offailures 
Ncenscum = cumulative number of censored data 
ART = Atraumatic Restorative Treatment 
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SE 
0.01 
0.01 
0.02 
0.02 
Table 8.4 Reasons for Class Il restoration failure by type of restorative used. 
ART evaluation ChemFil Rock Fuji IXGP 
codes showing failure 
2 (marginal defect) 3 
2 (severe wear 1) 7 
3 (fracture in restoration) 1 0 
4 (fracture in tooth) 1 0 
5 ( overextension approximal) 0 0 
6 (part or full restoration missing) 0 2 
Secondary carious lesion 3 1 
ART= Atraumatic Restorative Treatment 
1 Based on the FDI assessment criteria 
contacted at home could be performed in the same way as restorations from those that were 
contacted at school. Assessing restorations from clinical photographs and replicas has another 
advantage because, different from a visual clinical examination which does not leave a mark 
behind other than a code on a record form, images are available from which the restoration 
conditions at various evaluation points can be assessed with sufficient time and in a time 
order. The fact that evaluators were able to discuss any difference of opinion with the 
restoration images at hand, is another advantage. An adverse effect may be that the procedure 
of producing a replica takes a lot of time but, on the other hand, it increases the chance for a 
more objective assessment than through the use ofa visual clinical examination only [18]. 
The present randomised study was carried out triple-blind. The student him/herself 
selected the restorative, the evaluators did not know the restorative that was off the same 
colour shade, and the statistician performed the analyses without knowing test nor control 
group. Only the operators knew the restorative they would need to apply as they are bound by 
law to follow treatment protocol and to use the restorative according to manufacturers' 
instructions. Blinding operators in restoration and sealant effectiveness studies that uses 
materials that are distinguishable or require custom cavity preparations should not be 
considered a requisite for conducting high level trials anymore. Ensuring safety of the 
patients has priority over a requisite for doing scientific dental studies ofthis nature. 
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Main Findings 
The hypothesis was rejected. The new ART/zinc-reinforced HVGIC multiple-surface 
restorations survived significantly shorter than the control group that used the conventional 
HVGIC after 2 years. The 2-year survival percentages of both test (85.3%) and control 
(95.4%) groups was higher than the weighted mean survival percentage of ART/HVGIC 
multiple-surface restorations (78.2%) in permanent posterior teeth obtained from a meta-
analysis [6). The meta-analysis included only studies that had used hand-mixed ART 
restorations and that is most probably the main reason for the apparent difference in results. 
The outcome shows that the use of encapsulated HVGIC in ART produced cavities can be a 
reason of getting higher quality ART restorations than if a hand-mixed HVGIC is used. This 
finding is supported by laboratory studies [8,9]. However, a recent study that used hand-
mixed Fuji IX in occlusal ART restorations revealed also a high survival percentage (94.8%) 
[19]. 
The survival percentages of the test group in the present study were lower than those 
of conventionally prepared restorations that were restored with an encapsulated coated 
HVGIC (Equia System) in a private practice environment after 2-years (94%) [20], and 4-
years (90%) [21] and (93.4%) [22]. Compared to the 3 referred studies, the survival 
percentage of the control group in the present study was in line with the result after 2-years 
[20] and most probably also for the two other studies that did present only the 4-year results 
hut not the survival percentages after 2-years. The Jatter result shows that with careful 
selection of cavities and restored by well-trained operators, survival percentages of multiple-
surface ART conventional HVGIC restorations in posterior permanent teeth reveal similar 
outcomes after 2 years than obtained through comparable rotary produced encapsulated 
HVGIC restorations that used also a coat in addition. 
The main failure reason for the zinc-reinforced HVGIC was severe wear. Compared 
to the Equia System in a laboratory study, Chemfil Rock exhibited lower Vickers Hardness 
values which may indicate loss of surface properties [10]. In another laboratory study, 
Chemfil Rock exhibited a higher mean surface roughness value and a lower level of 
microhardness than the Equia System and Fuji IX GP materials [11]. A lower microhardness 
(VHN) score was also reported for Chemfil Rock than for Fuji IX GP Fast and Ketac-Molar 
Aplicap [23]. These laboratory results may indicate easy loss of surface properties of the 
zinc-reinforced HVGIC. 
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Whether the absence of a dentine conditioner in the process of using Chemfil Rock is 
an explaining factor in its relative high wear pattem is difficult to say. The manufacturer does 
not provide a reason for not conditioning the cavity while conditioning is normal practice. 
In both materials, the considered weakest aspect of HVGIC, fracture toughness, was 
not observed frequently as a reason for failure. As mentioned earlier, this might be due to the 
use of encapsulated HVGIC. 
Secondary dentine carious lesion development after 2-years was low. That might be 
expected considering the inclusion criterion that the students' OHI score should be less than 
0.5. But that reason might not be the explanation as in ART/HVGIC restoration studies that 
included subjects with different level of hygiene, the annual restoration failure rate due to 
secondary dentine carious lesion development was 0.5% over the first 5 years [24]. That 
outcome is extremely low, is comparable than reported for resin composite [25], and shows 
that failures with ART/HVGIC restorations occur because for material and operator reasons. 
Conclusion 
The present study has shown that, on the basis of data after 2 years, ChemFil Rock does not 
qualify as a superior high-viscosity-glass-ionomer cement for use in ART prepared Class II 
cavities. 
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Chapter 9 
General Discussion, Conclusions and Recommendations 
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Methodology 
This PhD research covers one epidemiological, 4 laboratory and 2 clinical studies. The 
discussion on the methodology used in these studies follow this sequence. 
Epidemiological survey 
The survey was cross-sectional and used the ART caries assessment criteria. Tuis set of 
criteria is specially designed for use with ART as it distinguishes dentine cavities that 
supposedly can and cannot be treated through the ART concept. The yardstick is the smallest 
excavator which has a diameter of 0.9 mm at the end. A cavity opening in which the 
excavator can penetrate is considered treatable through ART. Although not applied in the 
present study, this distinction could become important in the management of carious lesions. 
Within contemporary cariology and carious lesion management researchers are debating 
when a cavity needs to be restored and when a cavity can be treated through a sealant [1] . A 
few studies have been carried out to this effect and these have given thought for this 
discussion[2]. Obviously, the size of the cavity orifix, the strength of the sealant material and 
position of the cavity are important detenninants. 
Such a feature is not found in the International Caries Detection and Assessment 
System (ICDAS). This System not even distinguishes whether a dentine cavity can or cannot 
be restored. The different codes (5 or 6) do relate to the size of the cavity opening. Code 5 is 
used if the opening includes less than half of the total tooth surface and code 6 is used if the 
opening exceeds that half. Whether a restoration, root canal treatment or extraction is 
indicated is not included in the scoring system. The new Caries Assessment Spectrum and 
Treatment (CAST) instrument also does not distinguish very small from a dentine cavity that 
is a bit larger. But it contains a code for a cavity that is considered to be restorable (code 5) 
and not restorable through plastic dental materials (code 6). As the PhD research is meant to 
investigate aspects of the ART concept the choice of the epidemiological index used appears 
to be justified. 
Because a new set of carious lesion assessment criteria was applied, the examiners 
needed to be well trained. Together with one of the originators of the criterion, I trained the 
examiners until they fully understood the criterion and could apply it without noteworthy 
differences in results amongst them. This thorough training resulted in very high intra- and 
inter-examiner consistency coefficients (0.99 for both). Another aspect worth mentioning, is 
the way the M-component of the DMFS index was treated. Different to many 
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epidemiological surveys, we allocated a score 3 to the M-component as it is obvious that 
when a tooth is extracted, very rarely all 4 or 5 surfaces are affected. Only a few studies have 
calculated this correction factor for the M-component. Applying it to the DMFS count gives 
more precise information. 
The sampling was not representative of a larger distinct group of students. The survey 
was done in order to get information about the suitability of the use of the ART concept in 
adolescents. In order to ease the ART treatment, schools that had a dental clinic in a 
particular government area of Caïro constituted the sampling frame. Scientifically, this may 
be considered a weakness of the survey. However, considering the very few caries 
epidemiological surveys carried out in Egypt, the current survey holds merit as it gives the 
government and health authorities an insight into the pattem of the disease and its performed 
treatment. Independent of the correct magnitude of the prevalence and severity of dental 
caries, the survey showed that 75% of the cavities in this group of adolescents were not 
treated and that already 12.5% of the dentine cavities had been treated through extracting a 
permanent tooth. That information is very valuable and points to the need for setting up oral 
health preventive programmes in this area of Cairo, and most probably beyond. 
Laboratory studies 
The 4 laboratory studies can be divided in 2 groups. The bond of resin adhesives to normal 
and caries-affected dentine and the effect of chlorhexidine solution pre-treatment tested on 
the bond durability under different test conditions forms one group and the other group 
contains studies that are centred around testing aspects of high-viscosity glass-ionomers. 
These laboratory studies are considered precursors to the clinical studies presented in 
Chapters 7 and 8. 
Ronding to caries-affected dentin and chlorhexidine solution pre-treatment 
In essence the studies were performed according to standard procedures by qualified 
researchers. The private and governmental research centres in Cairo are well-equipped and 
employs experienced technicians who assist the researchers from various departments in 
carrying out laboratory studies. 
Strangely, there are not too many studies that have investigated aspects of cavity 
treatment on caries-affected dentine in a laboratory set-up. lt appears from the literature that 
teeth with affected carious lesions are not easy to get. Fortunately, I could manage collecting 
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this kind of tooth. In the present 2 studies, teeth with dark coloured dentine that was clearly 
visible and easy reachable were considered suitable for the tests. 
In both studies, reliable ways to differentiate between nonna! (N) and caries-affected 
dentine (CAD) was followed. The clinical assessment of carieus dentin has been based on 
colour and hardness which is considered subjective. Estimation of hardness of the remaining 
dentin by tactile procedures also may not be a reliable guide especially in research projects. 
Therefore, acid red dye became a well-known tracer for caries affected dentine detection [3, 
4] aiming at staining infected dentine red and caries-affected dentin pink. However, it has 
been demonstrated that this tracer can lead to staining of dentine clinically judged as 
"nonna!" as wel! as to 30% false positive diagnosis of residual carieus tissue in caries-
affected dentine [5]. 
Since the use of caries detecting dye bas been controversial, I adopted an innovative 
method for CAD differentiation which is the dye penneability test (Chapter 4). In this test 2% 
methylene blue was injected under pressure through the pulp chamber to stain nonna! dentin 
rather than CAD. This selective staining might be attributed to decreased penneability of 
CAD in relation to nonnal dentin due to the presence of peritubular and intertubular crystals 
fonnation into the dentinal tubules. Moreover, sometimes the carious process might lack the 
natura! defence mechanism (mineral deposits in the dentinal tubules) rendering the dentinal 
tubules more permeable than nonna! dentin [6]. Therefore, in applying the dye permeability 
test, such cases could be detected and the specimens be excluded to homogenize the tested 
specimens as much as possible, as perfonned in Chapter 3. Another advantage is that the 
methylene blue used in the dye permeability test has no effect on bond strength of adhesive 
systems to dentin [7]. 
Obviously, bond failure is not expected to start early after application of the bonding 
material to tooth tissue. However, it becomes more difficult to mimic situations in the oral 
cavity over time in a laboratory set-up. The study described in Chapter 4 tried to come closer 
to the actual situation in the mouth by adding two aspects to the testing set-up: aging of the 
bonding and testing bond strength under simulated intrapulpal pressure and artificial saliva. 
This was the first study to include these variables during storage. I developed a new set-up 
which was used later on used in other studies [8-13]. In the present study, intrapulpal pressure 
simulation was done by using elevated water column height to produce the desired pulpa! 
pressure at the dentin surface. The bonding procedure in this study was performed under 
15mm Hg which was equivalent to 20 cm H2O. Lowering of the IPP during the bonding 
procedure was performed to mimic the effect of the local vasoconstrictor in local 
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anaesthetics. Other studies used sterile saline [14-16] or diluted human plasma [17] as 
intrapulpal pressure perfusing liquids. As dentinal fluid is composed of 91% water, 7% 
proteins, 2% electrolyte, enzymes and minerals, the diluted human plasma was the nearest in 
composition to the normal pulpa) fluid. However, its protein content causes the coagulation 
ofthis solution within 48 hours [18]. Therefore, human plasma is nota good IPP medium for 
use in the six-months aging period tested in Chapter 4. Because pulpa! fluid contains high 
percentage of water, distilled water was selected for the short and long-term aging 
experiment. A published study showed that difference in storage media can affect the out 
come results [9]. Another study showed that the difference in storage solution affect the 
deterioration process of adhesives [19]. To decrease the research bias, In these studies, the 
specimens were randomly assigned among the groups. Also, the one who performed the test 
as well as the statistician was blind. Blinding during application of the different adhesives 
was not possible as the adhesives are presented in different containers (number and shape) so 
they were impossible to mask. The adhesives, also, should have been applied following the 
manufacturer instructions which were different. The micro-shear bond strength test was 
applied because it is assumed that this strength measure reflects best the bond failure in vivo. 
High-viscosity glass-ionomer related 
HVGIC has improved over the last 2 decades but its flexural strength remains its Achilles 
heel. Attempts to improve its strength let to investigating an interference during the setting 
stage and to testing a new, capsulated HVGIC with a metal-reinforcement. Again, laboratory 
studies are needed for obtaining information that will assist the researcher in designing 
studies under clinical circumstances, and the current 2 laboratory studies have been 
performed for the same reason. 
In the one study (Chapter 5), an ultra-sonic scaler was the dependent variable as 
anecdotal information had shown that the glass-ionomer apparently became hard rather 
quickly after contouring the setting restoration with an ultra-sonic scaler. However, testing 
mechanica! strength of HVGIC after ultra-sonic treatment is not common. We decided to 
design a special bolder to enable the tip of the scaler to be in full contact with the tested 
specimens. In order not to disturb the setting of HVGIC, water cooling, usually needed with 
an ultra-sonic scaler, was withheld. To what extent these necessary modifications to the 
clinical situation have influence the strength values of the various test performed is not 
known. Chapter 5 clearly describes the study set-up and I have not seen another study 
151 
investigating the long-term effect of an ultra-sonic scaler on material strength of HVGICs 
since the appearance of the publication in 2015. 
One of the HVGICs tested in order to arrive at a qualitative better material was a 
newly launched, zinc-reinforced HVGIC (ChemFil Rock). This material was investigated in 
the clinical study described in Chapter 8. To further investigate the behaviour of 3 HVGICs 
for use with ART, the microshear bond strength to both sound and caries-affected dentine 
was studied under simulated intrapulpal pressure (Chapter 6). The dentine substrates 
differentiation and storage in artificial saliva as well as under IPP simulation was similar to 
what has been done in the study described in Chapter 4. 
Overall, the methodology used in the 4 laboratory studies were up to standard and 
new aspects such as using dye permeability test, the use of intrapulpal pressure and testing 
aged materials kept in artificial saliva were introduced to improve the study methodology. 
Clinical studies 
Tuis PHD research contains 2 clinical trials. Both trials had been carefully planned to meet 
the highest standard possible in clinical studies with dental restorative materials. In both 
studies, selection bias was minimized as the tooth- and jaw-type, age of the participants, 
participants' socio-economie status, their DMFS and OHI scores and gender were 
comparable between the test and control groups. In the first trial, where chlorhexidine (CHX) 
was added to the high-viscosity glass-ionomer (HVGIC), all 4 requirements ofblinding could 
be fulfilled. Because, a different type of capsule was used, blinding of the operators could not 
be obtained in the second trial. Such a high level of blinding is rarely achieved with 
distinguishable dental materials and preparation techniques. Therefore, it can be concluded 
that the 2 clinical studies meet the highest possible level of requirements for this research 
aspect. 
Randomisation of study subjects to the test and control group was performed using 
marked envelopes and selected by the subject. In the second study computer randomisation 
was also applied. The envelope contained the type of restorative. Tuis process was truly 
randomised. 
One of clinical trials used a split-mouth design (Chapter 7). Many restoration survival 
studies have used a parallel design hut my research fellow and I considered that the 
advantage of having the two types of restoration tested in one and the same oral environment 
would better suit the aims of the study than in a parallel study design. A disadvantage ofthis 
decision was that many adolescents needed to be screened in order to meet the required 
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sample size. Anticipating that the prevalence of multiple-surface cavities in an adolescent 
population treatable through ART is even lower than of single-surface cavities (Chapter 7) 
we decided not to apply a split mouth design for the second clinical trial (Chapter 8) as it 
would be near to impossible to reach the desirable sample size. 
Like in the epidemiological survey, operators in the 2 clinical trials were properly 
trained for a lengthy period in the application of ART before the trials started. That exercise 
surely contributed to the high survival percentages obtained. 
As commonly happens in longitudinal clinical trials, subjects do not always appear for 
each evaluation and thus leave a gap in the data base. A gap reduces the power of the study 
because fewer than possible data can be used in the analyses. lmputation is a well-accepted 
process of weaving the gaps. In the present 2 trials, relatively few gaps existed because I went 
at pains to evaluate the subjects not present at the evaluation points to the extent that I visited 
them at their home or working place. Most of the data gaps, therefore, could be imputed 
without problems which increased the quality of the 2 data sets enormously. 
As the assessment of the quality of the restorations was done from replicas, supported 
by clinical colour pictures, the quality of the data set further improved as a number ofreplicas 
of one and the same restored tooth were available covering a number of evaluation points. 
Assessment can be performed over time. Producing replicas is time consuming and more 
expensive than assessing restoration with a visual/tactile method. However, replicas hold the 
situation for long and that adds to the quality of the study outcomes. 
The study tried to standardise the size of the cavity by using the cavity size system 
(SiSta) size 1.2 and 1.3 developed by Mount and Hume [20]. However, the variation in the 
cavity size tumed out to be sometimes more than expected. Therefore, in future trials of this 
nature, the cavity volume should be calculated and made a dependent variable in the analyses. 
The methodology used in the 2 clinical studies ensured the collection of a high level 
of trustworthy data that was skilfully analysed by a senior oral statistician. 
Overall, the 7 studies have been performed according to a high standard and that 
ensures that the study findings are considered trustworthy. 
Main Findings 
Epidemiological survey 
The final opening of a cavity in an occlusal surface that is necessary for performing ART 
reliably has been estimated to be a minimum of 1.6 mm in diameter [21]. The 
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epidemiological ART caries assessment criteria used in Chapter 2 contains two codes (code 2 
and 3) related to the size of the cavity opening. The scoping end ofa small hand excavator (0 
0.9 mm) determines the size. If the hand excavator can enter the cavity, the probability that 
this cavity can be treated is high; ifthe instrument cannot enter the cavity, it is low. 
In addition to the present study one other study has reported the proportion of dentine 
cavities that could be treated on the basis of epidemiological data collected using the ART 
caries assessment criteria. In an adolescent population in Zimbabwe with a dentine carious 
lesion prevalence of 41% and a mean DMFT-score of 1.1, it was possible to treat 84% of the 
dentine carious lesions judged to be in need of a restoration using hand instruments [22]. This 
finding on a group of adolescents is very similar to the one observed in the present study that 
had a dentine carious lesion prevalence of 38%. In total, 78% of the lesions detected in the 
present study were judged to be treatable using the ART method. These results come from 
two very culturally different populations hut the outcomes are similar. They indicate that the 
large majority of dentine carious lesions in people from a medium dentine carious lesion 
prevalence population can be treated using the ART method. lt is obvious that in populations 
with a higher dentine carious lesion prevalence than the ones presented above, the percentage 
of dentine carious lesions treatable through ART is also higher. However, experience has 
shown that hand instruments fail to access very small cavitated dentine carious lesions, 
particularly those in the buccal pit oflower permanent molars. 
As mentioned earlier, the epidemiological survey was not meant to provide data on a 
representative part of a population in Egypt. However, since the appearance of the present 
survey very few caries epidemiological studies have been carried out. Those performed were 
carried out amongst children with a special renal disease [23], and among children with 
hearing impairments [24]. in 2014, A representative survey among over 10 000 adults from 
Egypt's 27 governorates was carried out under the auspices of the Ministry of Public Health, 
in collaboration with the WHO EMRO country office. This survey showed that 70% of 
examined children had untreated carious lesions [25]. 
However, despite the fact that none of the surveys mentioned above investigated the 
applicability of the ART method, all had a number of aspects in common. These are: most of 
the carious lesions were left untreated; people who suffer from dental caries do not seek 
dental treatment; most of these people seek care only when the carious tooth has become very 
painful and cannot be treated through a restoration. These findings highlight the dramatic and 
substantial oral health situation within the population in Egypt. Also, all studies conclude that 
there is a distinct lack of policy on prevention in oral health in Egypt. Furthermore, they show 
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that there is a lack of research data for planning a national oral health programme which 
entails promoting oral health, preventing oral disease, especially for limited-income young 
adults, providing equitable access to efficient oral health care among all Egyptians. There is 
also a need for more research investigating the availability of oral health services, its 
governance framework, facilities' infrastructure, equipment, staffing and management 
system. This PhD research contributes and underlines the importance of data collection for 
oral health planning purposes in Egypt. 
Laboratory studies 
Ronding to caries-affected dentin and chlorhexidine solution pre-treatment 
As mentioned in the section 'Methodology', the laboratory studies tested the microshear bond 
strength of self-etch adhesives to normal (N) and caries-affected dentine (CAD) using the dye 
permeability test to differentiate between both substrates. Other studies used visual and tactile 
sense as well as the acid red dye ignoring the difference in permeability which may result in 
great difference among the samples. 
In clinical conditions, different permeability results were reported among the CAD 
substrates, which were explained by the quality and quantity of dentine removed during 
excavation of carious tissue [26]. So far, no study has been published regarding the dye 
permeability test that was developed and tested in the present study for the first time (Chapter 
4). Tuis study showed that newer version of two-step self-etch adhesives are less sensitive to 
structural differences in both dentine substrates. Tuis study highlighted that self-etch 
adhesives with mild pH and containing 10-MDP monomer in their composition could be 
beneficia) as chemica) interaction of this monomer with residual hydroxyapatite to form 
calcium salts, that is hydrolytically stable, is expected. Few related studies have been 
conducted since we published ours and none ofthem used dye permeability test [27, 28]. This 
means that the genera) use of self-etch adhesives with CAD should be treated with caution. 
Also, the need to test the bond durability of the 10-MDP monomer containing adhesives to 
CAD was of importance. Therefore, a study was conducted that tried to simulate some of the 
oral conditions (storage under IPP simulation and in artificial saliva) while pre-treating the 
dentin substrates with (2% and 5%) CHX as MMPs inhibitors. This study showed that the 
bond deteriorated with time and that CAD is more prone to bond deterioration. A recent study 
on multimode self-etch adhesives confirmed these findings despite the use of a different 
methodology [29]. Higher concentration of CHX was found to be more effective in 
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maintaining the bond durability but it was not able to prevent bond degradation compJetely. 
A systematic review on bonding behavior to caries-affected dentin, that covered in-vitro 
studies from 1960 till 31 august 2014, identified 320 publications [30]. Interestingly, the 
conclusions of the systematic review supported the findings of the 2 PhD-related studies. The 
conclusions were: 1) Data highlighted that demineralized collagen matrix in CAD is prone to 
poor resin saturation which is strictly related to nanoleakage in interdiffusion and is the basis 
of the progressive decrease in strength with hydrolysis by MMPs; 2) The use of mild self-
etching systems seems to be the more accredited method to establish bonding in CAD and; 3) 
Inhibitors of MMPs may ensure better performance of CAD bonding, allowing undisturbed 
remineralization of the affected matrix. These conclusions support the idea that bond 
degradation is multi-factorial and improvements in adhesive systems are still required. 
Nevertheless, on the basis of the findings from in vitro studies it can be suggested that 
repairing ART restoration with exposed dentine can be performed with mild two-step self-
etch adhesives containing 10-MDP. A clinical trial investigating the success of self-etch 
adhesives in repairing failed ART/HVGIC restorations is in progress. 
High-viscosity glass-ionomer related 
The success of any bonded restorations, especially those used for multiple-surface cavities, 
depends to a certain degree on its bonding effectiveness as it enhances its retention and 
resistance to displacement under multiple-directional occlusal farces. Thus, measuring the 
bonding of HVGIC restorative materials to different dentine substrates and under IPP 
simulation is considered necessary. After reviewing the literature, no publication was found 
that deals with the bond strength of the recently introduced HVGICs to the naturally 
occurring CAD substrate while intrapulpal pressure (IPP) is simulated. Therefore, this study 
was carried out. In our study, all tested HVGICs revealed no significant difference in their 
bond strength to ND and CAD. These finding were in agreement with those of Alves et al. 
[31] who tested the bonding of Ketac Molar Easymix and to ND and simulated CAD and the 
same finding was reported with Lenzi et al. [32] who bonded Fuji IX to ND and artificially 
induced CAD in primary teeth. 
For assessing the effect of ultrasonic scaler treatment (US) on the mechanica! 
properties of HVGICs, an in vitro study was started. A in vitro study conducted previously 
found a positive effect for the US application on fluoride release [33]. Nevertheless, they 
explained this positive effect based on surface dissolution or de-clustering. In fact, this should 
be considered a disadvantage in regards to surface strength properties. In our study, US 
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application did not improve the surface hardness and did only temporarily improvement in 
the DTS of the tested HVGICs. A parallel study [34) was published that tested the effect of 
US on the HVGIC (EQUIA, GC) and revealed that only the combination between the LED 
heat and US application increased the mechanica! properties of the HVGIC after the first 24 
hours but the increase was not shown after 1 and 3 months. Another study evaluated only the 
short term (24 h) effect of US application on surface hardness of GICs [35). Unfortunately, 
the study did not investigate the effect over time. Based on these studies there is no reason to 
recommend testing US application in a clinical study. 
These days, high-intensity curing light bas replaced the ultrasonic scaler in a process 
called 'thermo-curing'. The idea of applying external energy still holds merit as an increase 
in curing time increases the temperature of the setting glass-ionomer, and thus prolongs the 
acid reaction which, as is hypothesised, leads to freeing of more ions from the powder and in 
an increase in the magnitude of strength value of the glass-ionomer mixture. The magnitude 
is dependent on the brand of glass-ionomer, its thickness and the type of LED curing light 
used [36). As an indication, the temperature rise in 3 mm-thick sample disks of 3 different 
high-viscosity glass-ionomers and cured with 3 different light-curing devices 
{>1100 mW/cm2) varied between 3.5 and 6.9 0C. The mean flexural strength of hand-mixed 
and encapsulated glass-ionomers increased by approximately 15% after 30 seconds of light-
curing with a 1200 mW/cm2 intensity light [37). Compared to auto-curing, thermo-curing 
HVGICs with a 1200 mW/cm2 and 1000 mW/cm2 lamp respectively for 40 seconds 
significantly increased their mean flexural strength [38]. Heat application for 40 seconds with 
a 1200 mW/cm2 emitting LED lamp to different glass-ionomers in a cervical cavity model 
showed a significantly lower level of microleakage than for the controls [39]. In contrast, no 
effect of heat application with a 1435 mW/cm2 intensity curing light for 20 and 60 seconds 
on five different high-viscosity glass-ionomers was obtained for Vickers hardness, modulus 
of elasticity and creep resistance [ 40]. 
The clinical evidence for the effectiveness of both ultra-sonic and heat application to 
high-viscosity glass-ionomers is currently unavailable. Whether the flexural strength and, 
subsequently, the clinical performance of multiple-surfaces high-viscosity glass-ionomer 
restorations are improved through these adjustrnents has not been established yet. It is 
expected that more research will be carried out on this topic in the near future. 
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Clinical trials 
The first clinical trial tested a modified HVGIC that contained 1% chlorhexidine (CHX). The 
first aim was to find out if the addition of CHX could prevent secondary dentine carious 
lesion development alongside occlusal ART/HVGIC restorations in permanent molars. The 
analyses after 2-years showed no difference in secondary dentine carious lesion development 
between the ART/HVGIC restorations with and without CHX. Comparison of this finding 
with other studies appears to be not possible as a literature search did not yield any other 
study of this nature in permanent teeth. The search revealed one study pursuing the effect of 
CHX added to HVGIC which was carried out in occlusal and occlusal-approximal cavities in 
primary molars. Unfortunately, secondary dentine carious lesion development alongside 
HVGIC restorations with and without CHX was not studied [41]. 
The second aim was related to the durability of ART/HVGIC with and without CHX. 
After 2-years no significant difference in survival percentages of the two types of occlusal 
ART/HVGIC restorations was observed in permanent molars (Chapter 7). This finding 
corroborates with that of the comparison HVGIC study in primary molars after 1-year. 
Overall, the 2-year survival percentages of both ART/HVGIC with and without CHX 
in occlusal surfaces in permanent molars were high. A search of the literature covering the 
period after the submission date of the manuscript did not reveal any other quality study that 
had investigated the survival of ART/HVGIC restorations. 
The second clinical study investigated the effectiveness of ChemFil Rock in 
increasing the survival percentage of ART/HVGIC restorations in multiple-surface cavities 
(Chapter 8). Compared to the control material (encapsulated Fuji IX GP), the 2-years survival 
percentage of ChemFil Rock ART restorations was significantly different from restoration 
that had used the control material. It showed that ChemFil Rock, although presented as a 
HVGIC with improved strength characteristics, in ART prepared cavities performed not 
superior to the common HVGIC over a period of 2-years. As mentioned in the discussion 
about occlusal ART/HVGIC restorations, the literature search did not reveal any additional 
study ofthis nature since the submission of the manuscript. 
Both clinical studies showed very high survival percentages. The survival of 
restorations in genera! and perhaps in particular that of ART restorations, is not only 
dependent on the quality of the material used hut also on the quality of the operator. The 
Jatter requires a profound basic dental training in addition to a specific training in the use of 
the ART method. These requirements were fulfilled in the present two clinical trials and have 
contributed to the high survival percentages obtained. 
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Because of its simplicity, ART is sometimes considered a procedure that can be 
performed very easily. This has prompted research groups to investigate aspects of ART by 
undergraduate dental students. Mostly, these studies [41, 42] show substandard survival 
results. To have an unqualified person perform a study with the intension to improve a 
treatment of a sick person, is in my view unethical. 
In conclusion, ART/HVGIC restorations meet many clinical standards of restorative 
care. They should however be applied in situation for which there is sufficient evidence for 
its usefulness. 
Contribution of the PhD research to oral health 
This PhD study has contributed to understanding some possible options of managing carious 
lesions among the Egyptian adolescent population that had most of their cavitated dentine 
lesions left untreated. Fortunately, the prevalence of dental caries is relatively low in this age 
group but considering the fact that their sty Ie and food item consumption and sty Ie of living is 
changing. Coupled that to their limited knowledge about the importance of the oral health 
behavior and care as well as the lack of oral health facilities (financial and constant water 
sources in rural areas) highlight the importance of prompt govemmental response. 
The clinical studies showed a high success percentage of ART/HVGIC restored class 
I and II cavities and the absence of increased physical qualities in the modified glass-ionomer 
materials. This ensures the importance of testing any launched new material to verify the 
manufacturer claims. However, the high survival results of both clinical trials, that were 
higher than the weighted mean survival percentages reported in the most recently published 
meta-analysis, confirmed that the ART approach, compared to conventional restorative 
treatments, is a very suitable alternative for treating adolescents in governmental and private 
clinics. 
The presence of self-etch adhesive systems as a simplified user-friendly adhesive 
system (especially those containing DMP) is a jump in the adhesive technology. It gives 
promise that in the future a durable strong bond to dentine can be obtained. This PhD thesis 
also points towards the need to treat caries-affected dentine with caution as its bonding is less 
durable than to sound dentine. Moreover, this thesis has shown again that in-vitro research is 
important as a preclinical step. However, it should be performed in a way that the clinical 
condition is simulated (like under simulated intra pulpa! pressure and storing in artificial 
159 
saliva). Lastly, ultrasound application turned out not to be a useful approach in enhancing the 
mechanica! properties of glass-ionomer despite its theoretically-based assumptions. 
Conclusions 
1. The survey revealed that most of the cavitated lesions were found untreated despite 
the presence of a dental clinic and a dentist on the school premises. The majority of 
cavitated lesions without pulp involvement could be treated using the preventive 
and restorative components of the ART approach (Chapter 2). 
2. The permeability test was an effective tool to differentiate between normal and 
caries-affected dentine. Self-etch adhesive systems that contain MDP were 
insensitive to structural differences between nonna) and caries-affected dentine 
(Chapter 3). 
3. 2% CHX and 5% CHX do not alter the 24-hour bond strength to either normal or 
caries-affected dentin under simulated IPP. 2% CHX was not able to maintain the 
bond strength either to normal dentin or to caries-affected dentin over 2 years of 
aging. And, 5% CHX was able to decelerate the regression in bond strength to 
caries-affected dentine over time which was more liable to bond degradation over 
time than nonna) dentin (Chapter 4). 
4. The ultrasound pre-treatrnent cannot be recommended for the glass ionomer 
restorations clinically as it <lid not enhance the surface microhardness and its 
positive effect on the diametral tensile strength values was material and time 
dependent which does not last over time (Chapter 5). 
5. Zinc-reinforced high-viscosity glass-ionomer ChemFil Rock showed superior 
bonding to normal and caries-affected dentine compared to auto-cure high-viscosity 
with and without chlorhexidine. However, the bonding of each of the tested 
HVGICs showed comparable bonding to both nonnal and caries-affected dentine 
(Chapter 6). 
6. There is no additional benefit of using an auto-cure high-viscosity glass-ionomer 
with chlorhexidine for restoring ART prepared occlusal cavities in permanent 
molars. The 2-year survival of ART restorations with both types of HVGIC material 
(with and without CHX) was high. Secondary carious lesion development was not 
observed in both treatment groups (Chapter 7). 
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7. ChemFil Rock appears not to be a viable altemative to auto cure high-viscosity 
glass-ionomers currently used for restoring ART prepared multiple-surface cavities 
in permanent molars (Chapter 8). 
Recommendations 
1. Preventive and promotional oral health care program (including ART) should be 
seriously instituted as a governrnental mission. 
2. Training dentists in ART and facilitating the availability of ART instruments and 
high-viscosity glass-ionomer in all governmental related clinics is mandatory. 
3. Development of bi-annual updated data base about the oral health status and ART 
application would be very beneficia! in monitoring the progress in oral health among 
the Egyptians especially school children. 
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This PhD thesis contains the results of seven investigations that aimed at assessing clinical 
and laboratory aspects of the Atraumatic Restorative Treatment (ART) protocol to improve 
the management of cavitated carious lesions in permanent posterior teeth through restorations 
of modifications of a high-viscosity glass-ionomer cement (ART/HVGIC) and to repair 
defected ART restorations through application ofresin adhesives. 
This PhD research covers one epidemiological, 4 laboratory and 2 clinical studies. 
The 4 laboratory studies are divided into 2 groups. Testing the bond strength of resin 
adhesives to normal and caries-affected dentine (CAD) (Chapter 3) and testing the effect of 
chlorhexidine (CHX) solution pre-cavity treatment on the bond durability under different test 
conditions (storage under IPP simulation and in artificial saliva at 37°C), (Chapter 4) forms 
one group. The other group contains studies that are centered around testing aspects of high-
viscosity glass-ionomers (HVGICs). In Chapter 5 the effect of ultra-sound treatment on 
surface hardness and diametral tensile strength (DTS) of HVGICs was investigated and in 
Chapter 6 the microshear bond strength (MBS) of some HVGICs to normal and caries-
affected dentine under intra-pulpa! pressure (IPP) was tested. These laboratory studies are 
considered precursors to the clinical studies presented in Chapters 7 and 8. 
Chapter 2 describes the caries experience of Egyptian adolescents and investigates if 
the ART method offers a solution to restore cavitated dentine lesions in this age group. The 
study revealed that adolescents had a dentine carious lesion prevalence of 38%. In total, 78% 
of the dentine carious lesions were judged to be treatable using the ART method. 
All defective HVGIC restorations in previous clinical trials revealed fracture of a 
restoration as a failure after around one-year of service. As repair is not always expected to 
be performed with a HVGIC but often with a resin-based adhesive, bonding of different 
simplified adhesives to normal and caries-affected dentin needed to be tested (Cbapter 3). In 
this study, I adopted an innovative method for CAD differentiation which is the dye 
permeability test. In this test, 2% methylene blue was injected under pressure through the 
pulp chamber to stain normal dentine rather than CAD. This selective staining might be 
attributed to decreased penneability of CAD in relation to normal dentine due to the presence 
of peritubular and inter-tubular crystals. The use of dye staining was found to be a suitable, 
non-destructive test method. This study showed that newer version of two-step self-etch 
adhesives are less sensitive to structural differences in both dentine substrates. Tuis study also 
highlighted that self-etch adhesives with mild pH and containing 10-MDP monomer could be 
beneficia!. The reason is that chemica! interaction of this monomer with residual 
hydroxyapatite forms calcium salts, that are hydrolytically stable. Also the bond durability of 
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the MDP containing adhesive with/without cavity treatment with 0.2 and 0.5% CHX was 
tested after aging and under simulated intra-pulpa! pressure (Chapter 4). The study showed 
that the bond strength deteriorated with time and that CAD is more prone to bond 
deterioration than normal dentine. On the basis of the findings from these two in vitro studies 
it can be suggested that repairing defected ART restoration, showing exposed dentine, can be 
performed with mild two-step self-etch adhesives containing 10-MDP. 
In Chapter 5, 3 HVGICs (Fuji IX GP Fast, Ketac-Molar Aplicap, ChemFil Rock) 
were compared regarding their surface hardness and DTS properties. The same properties 
were tested after ultrasound treatment during setting for 20s and 40s. It was observed that 
Fuji IX GP Fast revealed the highest Vickers Hardness Number (VHN) value, followed by 
Ketac-Molar Aplicap with ChemFil Rock having the lowest VHN value. Only Fuji IX GP 
Fast and Ketac-Molar Aplicap VHN values were significantly increased by time. On the other 
hand, ChemFil Rock recorded the highest DTS value at 24 hours and it was the only material 
that showed significant DTS improvement after ultra-sound application of both 20s and 40s. 
However, this improvement did not sustain 28 days. In conclusion the ultrasound treatment 
did not enhance the surface hardness of the tested HVGICs, and that its initia! positive effect 
on the diametral tensile strength values was material and time dependent. 
A study was conducted (Chapter 6) to measure the microshear bond strength (µSBS) 
of the different HVGICs (Fuji IX GP Fast with and without CHX and ChemFil Rock) to 
nonna! and caries-affected dentin while IPP was simulated. Caries-affected dentin was 
included as it is the common substrate left after carious tissue removal. ChemFil Rock was a 
new HVGIC and was recommended by the manufacturer, as it would withstand chewing 
farces on the proximal part of restorations much better than other HVGICs because of the 
addition of zinc-ions. Bond strength to tooth substrate is known to directly affect the retention 
of the adhesive restoration and indirectly its resistance to fracture. It is also well known that 
retention of these restorations is more critica! for multiple-surface than for single-surface 
restorations. The study showed superior bonding of ChemFil Rock to both dentine substrates. 
This finding needed to be tested in a clinical situation. 
In Chapter 7 a trial is described that tested if using HVGIC with CHX (Fuji IX GP 
hand-mix) in comparison with a common HVGIC without CHX would result in an increased 
survival percentage of ART occlusal restorations in permanent (pre-)molars as well as in 
preventing the development of secondary carious lesions. The study design was a split-
mouth, quadruple-blind, randomized controlled clinical trial. Patients with at least two small-
and/or medium-sized occlusal cavities were included. Occlusal cavities were prepare<l 
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according to the ART method and restored with HVGIC/CHX (test) and HVGIC (control). A 
replica of all restorations available and digital photographs were made at baseline and after 
0.5, 1, 1.5 and 2 years. These were evaluated by two examiners using the ART and FDI 
restoration assessment criteria. The results showed that, according to the ART restoration 
assessment criteria, the 2-year survival percentages of ART/HVGIC/CHX (96.8%) and 
ART/HVGIC (94.8%) did not differ statistically. No statistically significant difference was 
found for the test (97.9%) and the control (96.90/o) group according to the FDI restoration 
assessment criteria. Eight and five occlusal restorations failed using the ART and FDI 
restoration assessment criteria, respectively. A dentine carious lesion along the restoration 
margin was not observed. The 2-year survival of ART restorations with both types ofHVGIC 
material was high. Secondary carious lesion development was not observed in both treatment 
groups. In conclusion, the use of HVGIC with CHX in ART prepared cavities in occlusal 
surfaces in permanent (pre-)molars did not increase the survival of the common ART/HVGIC 
restorations in this type of surface after 2 years. 
Following the conclusion of Chapter 6, the second clinical trial investigated the 
survival of multiple-surface ART restorations in permanent posterior molars using a zinc-
reinforced glass-ionomer (ChemFil Rock) after 2-years. The study design was randomized 
and triple-blind (Chapter 8). The results showed a higher survival percentage of multiple-
surface ART restorations of Fuji IX GP (95.4%) than of ChemFil Rock (85.3%). Excessive 
surface wear was the main cause of failure for the ChemFil Rock restorations. It was 
concluded that ChernFil Rock appears not to be a viable altemative to current HVGIC in 
restoring ART multiple-surface cavities in permanent molars. 
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Dit proefschrift beschrijft zeven onderzoeken die gericht zijn op het bestuderen van klinische 
en laboratoriumaspecten van het Atraumatic Restorative Treatment (ART)-protocol. Het doel 
was om na te gaan of gecaviteerde carieuze dentinelaesies in blijvende molaren beter 
behandeld kunnen worden door verschillende gemodificeerde hooggevuld glasionomeer 
cementen (ART/HVGIC) als restauratiemateriaal te gebruiken en om inzicht te krijgen in 
welk kunststofadhesiefhet meest geschikt is om defecte ART-restauraties te repareren. 
Het promotieonderzoek omvat een epidemiologisch, 4 laboratorium en 2 klinische 
studies. De 4 laboratoriumstudies zijn verdeeld in 2 groepen. Het testen van de hechting van 
kunststofadhesieven aan normaal en door tandcariës aangetast dentine (CAD) (hoofdstuk 3) 
en het onder verschillende omstandigheden testen van de duurzaamheid van de hechting van 
kunststofadhesieven na voorbehandeling van de caviteiten met een chloorhexidine (CHX) -
oplossing (hoofdstuk 4) vormen de ene groep. De andere groep bestaat uit studies die zijn 
gericht op het testen van aspecten van hooggevulde glasionomeren (HVGIC). In hoofdstuk 5 
werd de oppervlaktehardheid en diametrale treksterkte (DTS) van HVGIC's onderzocht, die 
met een ultrasoon instrument tijdens het uitharden werden behandeld. In hoofdstuk 6 werd de 
schuifsterkte (MBS) van sommige HVGIC's bij normaal en door tandcariës aangetast dentine 
onder intra-pulpale druk (IPP) getest. Deze laboratoriumstudies worden beschouwd als 
precursoren voor de klinische onderzoeken die worden gepresenteerd in hoofdstukken 7 en 8. 
Hoofdstuk 2 beschrijft de ernst van tandcariës onder een groep Egyptische 
adolescenten en onderzoekt of de ART-methode een oplossing biedt om gecaviteerde 
dentinelaesies in deze leeftijdsgroep te behandelen. De studie toonde aan dat de prevalentie 
van tandcariës (dentinelaesies) 38% was. In totaal werd 78% van de carieuze dentinelaesies 
beoordeeld als behandelbaar door de ART-methode. 
Uit eerder uitgevoerde klinische onderzoeken bleek dat na een jaar, breuk in het 
HVGIC de meest voorkomende reden voor het falen van ART-restauraties was. Aangezien 
mag worden verwacht dat reparatie van een defecte ART-restauratie niet altijd met HVGIC 
kan / moet worden uitgevoerd, werd onderzoek gedaan naar de hechting van verschillende 
vereenvoudigde kunststofadhesieven aan normaal en door tandcariës aangetast dentine 
(hoofdstuk 3). Dit gebeurde omdat de defecte restauratie daarna met een komposiet 
vulmateriaal wordt gerepareerd. In deze studie heb ik een innovatieve methode voor de CAD-
differentiatie gebruikt, namelijk de kleurstofdoordringbaarheidstest. In deze test werd 2% 
methyleenblauw onder druk in de pulpakamer gespoten om normaal dentine te kleuren in 
plaats van CAD. Deze selectieve kleuring kan worden toegeschreven aan de verminderde 
permeabiliteit van CAD ten opzichte van normaal dentine als gevolg van de aanwezigheid 
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van peri-tubulaire en inter-tubulaire kristallen. De wijze van toepassing van deze kleurstof 
bleek een geschikte, niet-destructieve testmethode te zijn. De studie toonde aan dat de nieuwe 
versie van tweetraps zelf-etsende adhesieven minder gevoelig zijn voor structurele 
verschillen in beide dentineweefsels. Deze studie benadrukte ook dat zelf-etsende adhesieven 
met een milde pH en die 10-MDP monomeer bevatte, een gunstig hechting kunnen geven. De 
reden hiervoor is dat chemische interacties van dit monomeer met het aanwezige 
hydroxyapatiet calciumzouten vormt, die hydrolytisch stabiel zijn. Ook werd de 
duurzaamheid van de hechting van het MOP-bevattende adhesief na bepaalde tijd en onder 
intra-pulpale druk aan het caviteitsdentine getest dat voorbehandeld was met en zonder 0,2 en 
0,5% CHX-oplossing (hoofdstuk 4). De studie toonde aan dat de hechting in de loop van de 
tijd verslechterde en dat CAD meer vatbaar was voor verslechtering van de hechting dan 
normaal dentine. Op basis van de bevindingen van deze twee laboratorium onderzoeken kan 
worden gesuggereerd dat het herstellen van defecte ART-restauratie, waarbij het dentine 
zichtbaar is, kan worden uitgevoerd met milde tweetraps zelf-etsende adhesieven die 10-
MDP bevat. 
In hoofdstuk 5 werden 3 HVGIC's (Fuji IX GP Fast, Ketac Molar Aplicap, ChemFil 
Rock) vergeleken op hun hardheid en DTS-eigenschappen. Dezelfde eigenschappen werden 
getest na een ultrasone behandeling gedurende 20 en 40 sec tijdens uitharden. Fuji IX GP 
Fast had het hoogste Vickers Hardheidsgetal (VHN) gevolgd door Ketac Molar Aplicap 
terwijl ChemFil Rock de laagste VHN-waarde had. Alleen de VI-IN-waarden van Fuji IX GP 
Fast en Ketac Molar Aplicap verhoogde significant in de tijd. Anderzijds registreerde 
ChemFil Rock de hoogste DTS-waarde na 24 uur en was het het enige materiaal dat een 
significante verbetering van de DTS-waarde vertoonde na ultrasone behandeling van zowel 
20 als 40 seconden. Deze verbetering duurde echter nog geen 28 dagen. Geconcludeerd kan 
worden dat de ultrasone behandeling de oppervlaktehardheid van de geteste HVGIC's niet 
heeft verbeterd en dat het positieve effect ervan op de diametrale treksterktewaarden 
afhankelijk was van het onderzochte materiaal en de tijd. 
De studie die de micro-hechtingssterkte (µSBS) van de HVGIC's (Fuji IX GP Fast 
met en zonder CHX en ChemFil Rock) tot normaal en tandcariës aangetast dentine onder 
intra-pulpale druk heeft gemeten, staat in hoofdstuk 6 beschreven. De hechting aan 
tandcariës aangetast dentine werd onderzocht omdat die type dentine overblijft na 
verwijdering van carieuze weefsel. ChemFil Rock was een nieuw HVGIC, aanbevolen door 
de fabrikant, omdat het de kauwkrachten op het approximale deel van de ART-restauraties 
veel beter zou weerstaan dan andere HVGIC's vanwege de toevoeging van zinkionen. Het is 
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bekend dat de mate van hechtsterkte aan het tandweefsel de retentie van de adhesieven direct 
en de weerstand tegen restauratiebreuk indirect beïnvloedt. Het is ook bekend dat de retentie 
belangrijker is voor het behoud van meervlaks- dan eenvlaks-restauraties. Het onderzoek 
toonde een superieure hechting van ChemFil Rock aan beide dentineweefsels aan. Wat deze 
bevinding klinisch waard is moest nog worden getest. 
In hoofdstuk 7 is een studie beschreven die testte of het gebruik van HVGIC met 
CHX (Fuji IX GP handgemengd) in vergelijking met een HVGIC zonder CHX zou resulteren 
in een verhoogd overlevingspercentage van ART-restauraties in het occlusale vlak van 
blijvende (pre)molaren en ook in het voorkomen van het ontstaan van secundaire tandcariës. 
De studieopzet was een split-mouth, viervoudig geblindeerde, gerandomiseerde en 
gecontroleerde klinische studie. Patiënten met ten minste twee kleine en/of middelgrote 
occlusale caviteiten werden geïncludeerd. Occlusale caviteiten werden behandeld volgens de 
ART-methode en gevuld met HVGIC/CHX (test) en HVGIC (controle). Van alle beschikbare 
restauraties werd een replica en een digitale foto gemaakt aan het begin van de studie en na 
0,5, I, 1,5 en 2 jaar. De replica's werden geëvalueerd door twee examinatoren volgens de 
ART en de FDI-restauratiecriteria. De resultaten toonden aan dat, volgens de ART-
restauratiecriteria, de 2-jaars overlevingspercentages van ART/HVGIC/CHX (96,8%) en 
ART/HVGIC (94,8%) niet statistisch verschilden. Geen statistisch significant verschil werd 
gevonden voor de test (97,9%) en de controle (96,9%) groep volgens de FDI-
restauratiecriteria. Respectievelijk acht en vijf occlusale restauraties faalden volgens de ART-
en FDI-restauratiecriteria. Een carieuze dentinelaesie langs de restauratierand werd niet 
waargenomen. De 2-jaars overleving van occlusale ART-restauraties met beide HVGIC's 
was hoog. Ontwikkeling van carieuze dentinelaesies langs de restauratierand werd in beide 
behandelingsgroepen niet waargenomen. Samenvattend, het gebruik van HVGIC met CHX in 
ART behandelde caviteiten in occlusale vlakken van blijvende (pre)molaren heeft het 
overlevingspercentage van de gangbare ART/HVGIC-restauraties na 2 jaar niet verhoogd. 
Naar aanleiding van de conclusie van hoofdstuk 6, werd de tweede klinische studie 
uitgevoerd. De hypothese was dat de overleving van meervlaks ART-restauraties in blijvende 
molaren, die gevuld waren met het zink-versterkte glasionomeer ChemFil Rock, na 2-jaar 
significant hoger waren dan restauraties die het gangbare HVGIC gebruikte. De studieopzet 
was gerandomiseerd en triple-blind (hoofdstuk 8). De resultaten toonden een significant 
hoger overlevingspercentage van meervlaks ART-restauraties van Fuji IX GP (95,4%) aan 
dan van ChemFil Rock (85,3%). Ovennatige oppervlakteslijtage was de belangrijkste 
oorzaak voor het falen van ChemFil Rock-restauraties. Geconcludeerd werd dat ChemFil 
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Rock geen bruikbaar alternatief lijkt te zijn voor het gangbare HVGIC bij het behandelen van 
meervlaks-caviteiten in blijvende molaren die zijn behandeld door de ART-methode. 
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